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Insulin resistance (IR) is a pathological condition in which tissues exhibit a reduced response to normal or
elevated levels of insulin. Type 2 diabetes mellitus (T2DM) and Metabolic Syndrome are the most prevalent
disorders associated with IR. Most of the glitazones, traditional anti-diabetic drugs acting as Peroxisome

CDKS, . . Proliferator-Activated Receptor y (PPARy) agonists, have been withdrawn from the market. To mitigate the
Enantiomeric resolution . . . . L 0
SC-XRD serious adverse effects associated with PPARy agonism, a new opportunity is represented by the inhibitors of

SBDD PPARy phosphorylation by the Cyclin-Dependent Kinase 5 (CDK5). Their mechanism of action is mediated by the
stabilization of the PPARy B-sheet containing Ser245. Recently, we identified 4-(4-bromophenyl)-3-hydroxy-5-(3-
hydroxyphenyl)furan-2(5H)-one (I) as a PPARy non-agonist, capable of blocking the phosphorylation of the
enzyme without direct effects on either CDK5 or PPARy.

Here, we isolated the two enantiomers of I, unambiguously defined their absolute configuration through single
crystal X-ray diffraction and demonstrated by Grating-Coupled Interferometry binding assays that both (S)-I and
(R)-I exhibited comparable affinity for PPARy. Then, a library of 12 analogs was designed through structure-
based modifications, optimizing the interactions within the ligand-binding domain. GCI analysis identified de-
rivative 11, featuring an oxyacetic group in place of the initial hydroxyl function of the reference compound I, as
the most promising candidate (Kp = 186 nM). The crystal structure of the PPARy-LBD/11 complex revealed a
hydrogen bond interaction with Arg280, further stabilizing the binding conformation. These findings highlight
the potential of y-hydroxy lactone derivatives as PPARy modulators and provide a foundation for future drug
development targeting IR.

Binding affinity
Ligand-protein complex

Thiazolidinediones (TZDs), which are traditional anti-diabetic drugs
acting as potent Peroxisome Proliferator-Activated Receptor y (PPARy)

1. Introduction

Insulin resistance (IR) is a pathological condition characterized by
attenuated tissue response to normal or elevated insulin production.
Type 2 diabetes mellitus (T2DM) and Metabolic Syndrome are the most
common clinical pathologies associated with IR. With the rising preva-
lence of TD2M and obesity worldwide, there is an urgent demand for
more effective treatment options, especially considering that most
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agonists, have been withdrawn from the market due to several adverse
effects (weight gain, fluid retention, increased incidence of cardiovas-
cular events, and bone fractures) [1-4]. Among this class, pioglitazone is
the only anti-diabetic drug acting on IR that is still clinically available.
PPARy plays a critical role in the management of IR. It is a
ligand-activated transcription factor involved in the regulation of many
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cellular functions and pathways, particularly those related to the regu-
lation of fatty acid metabolism and glucose homeostasis [5]. It controls
and promotes the expression of adipokines, including adiponectin.
Notably, serum adiponectin levels are decreased in patients with
obesity, insulin resistance, cardiovascular diseases, and hypertension
compared to healthy subjects [6]. As full PPARy agonists, TZDs promote
the recruitment of coactivators and the assembly of a
transcription-competent complex. They stabilize the H12 helix of the
AF2 region, which in turn inhibits the binding of the co-repressor,
maintaining the protein in its active form [7].

Over the years, efforts have shifted toward developing new com-
pounds with strong therapeutic potential but fewer side effects. Strate-
gies have included the development of PPARa/y dual agonists or
PPARa/y/6 pan-agonists, which can coordinate improvements in car-
bohydrate and lipid metabolism, as well as selective PPARy modulators
(SPPARyMs). These modulators offer an improved therapeutic profile
over full agonists by inducing different conformational changes in the
receptor, leading to distinct transcriptional outcomes [8-13]. Moreover,
PPARy antagonists—such as bexarotene, 2-phenylamino pyrimidine,
and N-biphenylmethylindole derivatives—have also demonstrated
robust antidiabetic effects in rodent models, suggesting that they may
provide a safe alternative for treating insulin resistance and T2DM
[14-18].

In the last years, the modulation of post-translational modifications
(PTMs) has emerged as a promising strategy for developing safer treat-
ments for IR. By targeting PTMs, researchers aim to fine-tune the activity
of key proteins involved in insulin signaling and glucose metabolism
without triggering broader effects. In this context, a new opportunity is
represented by molecules acting as inhibitors of PPARy phosphorylation
by the Cyclin-Dependent Kinase 5 (CDK5), whose activity is known to
increase in inflammatory conditions, such as obesity.

In 2010, Choi and colleagues identified a strong correlation between
high-fat diets in vivo and the phosphorylation of PPARy at Ser273
(equivalent to Ser245 in PPARy isoform 1) by CDKS5 [8]. Building on this
discovery, they introduced a new class of non-agonist antidiabetic
compounds that improved insulin sensitivity without the typical side
effects associated with PPARy agonists. By 2014, the same researchers
demonstrated that CDK5-mediated phosphorylation of PPARy-Ser245
did not impact its adipogenic activity but instead disrupted the regula-
tion of specific genes linked to obesity and diabetes [19]. By inhibiting
this specific phosphorylation, it may be possible to restore the normal
regulation of these target genes, thereby enhancing insulin sensitivity
[8,9].

A notable example is the non-agonist PPARy ligand SR1664, which
emerged as a highly effective inhibitor of PPARy phosphorylation while
exhibiting strong antidiabetic properties. In contrast to TZDs and other
PPARy agonists, SR1664 did not cause fluid retention, weight gain in
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vivo, or impair osteoblast mineralization in cell culture [14,20].

Unlike full agonists, PPARy non-agonists exhibit weak trans-
activation activity because they do not interact with the H12 helix of
PPARy. Instead, their mechanism of action involves the stabilization of
the pB-sheet containing Ser245. This stabilization prevents Ser245 from
reaching the catalytic site of CDK5, thereby preventing its phosphory-
lation [7,21,22]. Consequently, non-agonists do not increase the
expression of adipogenic genes and cannot stimulate adipocyte differ-
entiation; rather, they primarily affect genes involved in glucose and
insulin tolerance. As a result, non-agonists enhance insulin sensitivity
without promoting adipogenesis [7,8,22,23].

To identify new non-agonist drugs, we previously screened an in-
house library of synthetic y-hydroxy lactone derivatives for their abil-
ity to prevent CDK5-mediated PPARy phosphorylation by using Surface
Plasmon Resonance (SPR) technology-based experiments [23]. These
molecules were selected due to their structural similarity to BLI (Chart
1), a natural product isolated from the fungus Aspergillus terreus, which
has been reported in the literature as both a PPARy partial agonist and a
CDKS5 inhibitor [24]. Among the tested candidates, 4-(4-bromophe-
nyl)-3-hydroxy-5-(3-hydroxyphenyl)furan-2(5H)-one (I, Chart 1)
emerged as the most promising, with an encouraging Kp value of 3.75
puM. Biological assays demonstrated that I effectively inhibited
CDK5-mediated phosphorylation of PPARy in vitro, primarily by stabi-
lizing PPARy and exerting a weak inhibitory effect on CDKS5. It did not
exhibit agonist or antagonist activities on PPARy, thereby validating its
non-agonist profile. Moreover, crystallographic data of the PPARy-I
complex allowed to define the structural features required to achieve
selective phosphorylation inhibition [23]. Given its synergistic thera-
peutic potential and synthetic feasibility, I was used as a starting point
for the development of new y-hydroxy lactone-based compounds as
innovative candidates for the treatment of IR.

In this work, we successfully isolated the two enantiomers of our
reference compound I, unambiguously defined their absolute configu-
ration through single crystal X-ray diffraction (SC-XRD) and investigated
their specific activity. Next, we conducted computational experiments to
rationally design more efficient PPARy non-agonists, starting from the
crystal structure of the PPARy/I complex (PDB ID 8ADF). This approach
led to the discovery of optimized derivatives (Chart 1) with higher af-
finity for PPARy. In addition, crystallographic studies were performed
on the complex between PPARy and the most promising analog to reveal
its specific binding mode, thus providing a deeper understanding of the
features necessary to enhance the affinity for the target. These findings
not only validate the potential of modulating PTMs for improved insulin
sensitivity but also pave the way for a new generation of selective PPARy
non-agonists that could revolutionize the treatment of insulin resistance.
The integration of advanced computational design with detailed crys-
tallographic analyses offers a solid foundation to future developments,

Previous works This work
Br HO R4 R,
O Ry = Br, CF3, O-Alkyl,
Q O-Aryl, O-Alkyl-Aryl
OH
/ 7 R, = OH, OCH,0H,
HO O HO @) OCH,COOH, OCH,CN
\ J !

BLI |

Chart 1. Chemical structures of BLI, reference compound I, and the new derivatives investigated in this work.
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Fig. 1. Thermal ellipsoid diagram of the asymmetric unit of (S)-I, with the
arbitrary atom-numbering scheme. Displacement ellipsoids are drawn at the
40% probability level.

which will represent a significant step forward, potentially leading to
more precise and safer therapeutic interventions.

2. Results and discussion
2.1. Enantiomer-specific activity

2.1.1. Enantiomer separation

In our previous work, we identified compound I as a PPARy non-
agonist for the treatment of IR [23]. Given the presence of a chiral
center and the potential for enantiomers to exhibit distinct biological
activities, we developed a protocol for their separation. Therefore, I was
synthesized following the literature procedure, leading to the racemic
mixture [23]. Then, the separation of the two enantiomers (I-E1 and
I-E2) was performed via semi-preparative chiral RP-HPLC, affording
high purity and excellent enantiomeric excess (98.83 % ee and 98.60 %
purity for I-E1, 98.74 % ee and 97.89 % purity for I-E2).

2.1.2. Crystallographic analysis

Determining the absolute configuration of enantiomers is essential
for understanding chiral discrimination mechanisms and predicting the
enantioselective behavior of chiral drugs at the molecular level. There-
fore, to establish the absolute configuration of the stereoisomers of I, we
attempted their crystallization under various conditions. After several
trials, we obtained small, but nicely diffracting crystals of I-E1 by sub-
limating a water-acetonitrile solution of the compound. I-E1 crystallized
in the monoclinic system with space group P2;, incorporating a mole-
cule of acetonitrile in the asymmetric unit. The thermal ellipsoid dia-
gram, indicating the arbitrary atom-numbering scheme used in the
discussion, is reported in Fig. 1. The presence of the bromine atom as an
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Table 1
H-bond geometry (D: Donor, A: Acceptor).
D-H/A H..A/R D ... A/R D-H...A/”
C6-H6---03° 0.930(3) 2.316(3) 2.969(4) 126.9(2)
C9-H9---04! 0.930(3) 2.761(3) 3.448(4) 131.6(2)
04-H4A.---N1" 0.75(6) 2.14(6) 2.877(6) 170(6)
03-H3---02™ 0.84(5) 1.88(6) 2.684(3) 158(6)

Equivalent positions: °x,y,z; '1-x,1/2+y,2-z; "x,y-1,z; "x,y-1/2,1-z.

anomalous scatterer allowed for the unambiguous determination of the
absolute configuration of the chiral center as (S). In detail, the Flack
parameter, calculated using the Parson’s method, refined to —0.012(5),
indicating high reliability in the determination [25]. Therefore, com-
pound I-E1 will henceforth be designated as (S)-I, while the other
enantiomer (I-E2) will be referred to as (R)-1.

The y-hydroxy lactone ring is flat and almost coplanar with the 4-bro-
mophenyl substituent. The best mean planes of the two rings are in-
clined at 9.1°, and the torsional angle calculated for C4-C3-C5-C10 is
—6.5(4)°. This arrangement is stabilized by an intramolecular H-bond
between C6-H and O3. Conversely, the chiral center at C4 is in a clas-
sical tetrahedral geometry, with the 3-hydroxyphenyl group almost
perpendicular to the best mean plane of the lactone (85.0°). In detail, the
torsional angle calculated for C3-C4-C11-C12 is 123.0(3)°. An analysis
performed using CSD Mogul confirmed that all structural parameters are
within the expected limits for similar compounds [26,27]. The crystal
packing is mainly ensured by H-bonds, established between the carbonyl
oxygen and the hydroxyl group of the lactone rings, forming zipper-like
chains along the b axis (Fig. 2). Additionally, the acetonitrile molecule
interacts with the hydroxyl group of the phenol moiety through an
H-bond. CnH ... ® and CzH ... O contacts marginally contribute to the
stabilization of the structure. A full account of the H-bonds is provided in
Table 1.

The visualization of the intermolecular contacts was also aided by
the analysis of the Hirshfeld surface (HS), mapped over the normalized
contact distance (dporm) [281. The dyorm property (Fig. 3A) was visualized
with a red-white-blue color scheme, based on the length of the inter-
molecular contacts with respect to the sum of the van der Waals radii.
The analysis of the HS revealed the presence of three intense red spots,
representing the short-range contacts between the lactone rings and
between the phenol moiety and the acetonitrile molecule. The
two-dimensional (2D) fingerprint of the HS (Fig. 3B), providing a visual
summary of the contribution of each contact type and the relative area of
the surface corresponding to it, confirmed the presence of these in-
teractions, visualized as long spikes in the lower left part of the graph.
C-H contacts occupied the wings of the plot, while the remaining por-
tions indicated non-specific H-H interactions.

2.1.3. Affinity assay
Grating-Coupled Interferometry (GCI), representing an evolution of

Fig. 2. A. Stick model of (S)-I, showing the main H-bonds, in an arbitrary view. Hydrogen atoms are omitted for clarity. B. Stick model of (S)-I, showing the packing

along the b axis. Hydrogen atoms are omitted for clarity.
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Fig. 3. A) HS mapped over d,,, with a fixed color scale in the range —0.6638 au (red) — 1.3201 au (blue), based on the length of the intermolecular contacts with
respect to the sum of the van der Waals radii (red: shorter; blue: longer; white: same). B) 2D fingerprint plot of the HS of (S)-I. The graphical representation provides
a summary of the frequency of each combination of d, (distances from the HS to the nearest nucleus outside the surface) and d; (distances from the HS to the nearest
nucleus inside the surface) across the HS. Points with a lower contribution to the surface are colored blue, while green indicates larger contributions. (For inter-
pretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 4. A) Sensorgrams derived from the kinetic analyses of (S)-I and (R)-I in the interaction with PPARy. B) Equilibrium dissociation constant (Kp) and rate

constants (k, and kq) for the interaction between PPARy and the two ligands.

Surface Plasmon Resonance (SPR) for the measurement of biomolecular
interactions [29], was employed to determine the PPARy binding af-
finity (Kp) to (S)-I and (R)-I, whose stability in the assay conditions had
been previously verified. PPARy was immobilized onto the sensor chip,
and the two enantiomers were tested in the conditions described in the
Materials and Methods section. (S)-I and (R)-I showed comparable Kp
values (Fig. 4), indicating similar binding affinities for the two enan-
tiomers of the reference compound I.

In light of these findings, and given the greater synthetic accessibility
of the racemic form, (R,S)-I (henceforth referred to as I) was selected as
a promising starting point for the development of novel y-hydroxy
lactone-based compounds, serving as innovative candidates for the

treatment of IR.
2.2. Cytotoxicity evaluation

Compound I was subjected to cytotoxicity tests to evaluate the
biosafety of the lactone scaffold. The viability assays confirmed that
compound I did not affect the metabolic activity of the PNT2 human
prostate cell line for concentrations up to 50 pM (Fig. S1). This favorable
safety profile further supported the use of racemic compound I as a
starting point for the development of innovative PPARy non-agonists.
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Fig. 5. RMSF plot of the backbone atoms of PPAR-y (blue) compared to PPAR-y
complexed with compound (R)-I (red), considering the whole MD simulation
time (2 x 250 ns). The pl-sheet portion is highlighted in orange. The gap in the
plot indicates the missing loop (Lys263-Lys275) positioned upon the binding
site. (For interpretation of the references to color in this figure legend, the
reader is referred to the Web version of this article.)

2.3. Computational studies

2.3.1. Root Mean Square Fluctuation (RMSF) analysis

Despite the significant therapeutic potential of targeting CDKS5-
mediated phosphorylation, available data on this topic remain limited.
Although the crystal structure of the PPARy/CDK5/p25 complex has not
been solved yet, several computational studies have explored the
interaction mechanisms between these proteins. In our previous studies,
we elucidated the mechanism by which CDKS5 inhibits PPARy phos-
phorylation. In-silico investigations indicated that for Ser245 to be
properly accommodated in the CDK5 active site, an expansion of the
loop containing this residue is required [21]. This process involves a
temporary unfolding of the adjacent pl-sheet, a crucial step that facili-
tates the movement and proper exposure of the serine residue, thereby
making it available for phosphorylation [21,30].

Interestingly, the crystal structure of the PPARy/I complex (PDB ID
8ADF) revealed that compound I formed a direct hydrogen bond with
Ser342. This interaction is particularly significant because it has been
suggested as a potential inhibitory mechanism for CDK5-mediated
phosphorylation of PPARy at Ser245. By binding to Ser342, I may
hinder the required unfolding of the pl-sheet, thereby preventing the
proper accommodation of Ser245 within the CDKS5 active site [21,23].
The ligand-induced reduction in the dynamics of the -sheet impedes the
phosphorylation process, offering a potential mechanism through which
I could serve as an inhibitor of CDK5-mediated PPARy phosphorylation.
Therefore, we decided to further investigate our compound’s potential
to stabilize the p-sheet portion of PPARy through Root Mean Square
Fluctuation (RMSF) analysis, to evaluate whether the binding of I could
induce the stabilization of the PPARy structure. RMSF measures the
average deviation of protein residues over time from a reference posi-
tion, providing valuable information about which portions of the protein
fluctuate from their mean structure [31]. We calculated the RMSF for
the protein alone and in complex with I over the entire duration of the
molecular dynamics (MD) simulation. Given that the compound was
synthesized as a racemic mixture but only the (R) enantiomer was
observed in the crystal structures, we selected (R)-I as a reference for the
computational analysis. As shown in Fig. 5, the interaction of (R)-I re-
duces the overall flexibility of PPARy and, most importantly, increases
the stability of the f1-sheet portion of the protein, further confirming its
hypothesized inhibitory mechanism.
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Table 2
AG and Kp values for compounds 1-12. Computational studies have been per-
formed on (R)-enantiomers, whereas the GCI assays on the racemic compounds.

R Ra
/
HO 0O
(0]
Code R, Ry Avg AG (kcal/ Kp (M)
mol)”
I Br OH —25.5 3.80
1 CF3 OH —26.7 0.30

)\/ OH —28.3 7.71

o v

3 \)V OH ~41.0 4877
o ¢

4 \jv OH —40.6 >50
o v

5 O\ OH —42.1 >50
ol

6 FsC o\j OH —41.2 >50
7 o OH —42.7 20.27

N
8 O\gé OH —39.6 >50

F

9 OH —41.3 >50

53

(0]
10 Br HO/\J_# —-29.8 4.08
11 Br 0 -394 0.19
HoJ\
Oy
12 Br NC\ -35.7 0.79
(o]
b

2 Data are from two replicates.

2.3.2. Generation of a new library

The X-ray crystal structure of the PPARy/I complex (PDB ID 8ADF)
[23] served as the starting model for computational studies aimed at
generating a library of optimized derivatives. In detail, the Chain
B/(R)-I complex (see Materials and Methods for details) was utilized to
screen a collection of approximately 500 analogs, generated by
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Scheme 1. Reagents and conditions: i) Ac,0, vinegar, 20 min, RT; ii) K,CO3, dry MeCN, 5-48 h, reflux, N atm.; iii) DIAD, PPhs, dry THF, overnight, RT, N, atm.; iv)
K,CO3, dry DMSO, 10 min, 140 °C, N, atm., MW; v) NaOAc, Ac,0, 5-12 h, 100 °C; vi) vinegar, 3 h, reflux; vii) conc. HCl, EtOH, 5 h, reflux; viii) KoCO3, dry MeCN,
4-12 h, reflux, N, atm.; ix) NaBH,4, dry THF, dry EtOH, 1 h, 0 °C, N, atm.; x) DBU, dry DMF, 4 h, 0 °C, N, atm.

modifying two features of the ligand. In series A, the bromine atom was
replaced with various substituted —OR groups to more effectively occupy
the hydrophobic pocket within the active site. In series B, the hydroxyl
group of the phenol ring was replaced with other moieties capable of
enhancing the interaction with Arg280.

The whole library was subjected to docking calculations, and the top
30 analogs, ranked based on their docking score, were selected for
further analysis through two independent 250 ns MD simulations (see
Materials and Methods for details). From MM-GBSA analyses performed
on (R)-I, we obtained AG values of —24.4 4 0.1 kcal/mol and —26.6 &
0.2 kcal/mol for replicas 1 and 2, respectively. The average binding free
energy (AG = —25.5 kcal/mol) served as a reference to identify analogs
with improved theoretical binding affinity for the target. Among all the
screened compounds, nine derivatives from series A (compounds 1-9)
and three from series B (compounds 10-12) were selected to be syn-
thesized based on their AG values and synthetic feasibility (Table 2).

2.4. Chemistry

All the compounds (1-12) were synthesized following previously
established synthetic procedures (Scheme 1) [23], with subsequent
optimization to align with green chemistry principles. The N-acetylation
of glycine, which represents the first step in the production of all

analogs, was carried out with an innovative, eco-friendly approach,
recently developed in our laboratory. In detail, traditional organic sol-
vents were replaced with bio-based alternatives derived from biowaste
or inexpensive and easily accessible natural sources [32], resulting in a
versatile and time-efficient procedure, minimal purification efforts, and
good yields.

The so-obtained N-acetylated glycine (13) was then subjected to a
cyclization reaction with a previously synthesized benzaldehyde deriv-
ative (series 14) to afford products 15a-l. Intermediates 14b,c,e,g-i
were obtained through a nucleophilic substitution between 4-hydroxy-
benzaldehyde and the appropriate bromo derivative. Intermediate 14f
was obtained by reacting 4-fluorobenzaldehyde and 3-(trifluoromethyl)
phenol in a microwave-assisted nucleophilic aromatic substitution,
while intermediate 14d was accessed through a Mitsunobu reaction
involving 2-ethyl-1-butanol and 4-hydroxybenzaldehyde.

Encouraged by the successful results achieved in the first step with
vinegar as a substitute for the traditional solvent, we opted to extend the
use of this bio-based alternative to other synthetic steps requiring acidic
conditions. Compounds 15a-1 were hydrolyzed in vinegar leading to the
amide intermediates 16a-1. Then, a one-pot reaction led to the hydro-
lysis of the acetoamide moiety and the esterification of the pyruvic acid
residue, using concentrated HCl and EtOH. The resulting esters (17a-1)
were cyclized with commercially available (intermediate 18a) or
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Fig. 6. A) Sensorgrams derived from the kinetic analyses of 1 (top left), 11 (top right), and 12 (bottom) in the interaction with PPARy. B) Equilibrium dissociation
constant (Kp) and rate constants (k, and kq) for the interaction between PPARy and the three ligands.

previously synthesized (intermediate 18b-d) benzaldehyde derivatives,
to obtain the final y-hydroxy lactone-based compounds 1-12. In detail,
intermediate 18b was obtained by a selective reduction of one of the
aldehyde groups of isophthalaldehyde using NaBH4, whereas 18c,
d were synthesized by a nucleophilic substitution between the appro-
priate bromo derivative and 3-hydroxybenzaldehyde.

2.5. Evaluation of PPARy affinity

GCI was employed to measure the binding affinity (Kp) of 1-12 to
PPARy. The receptor was immobilized onto the sensor chip, and 1-12
were tested in the conditions described in the Materials and Methods
section. The resulting Kp values are shown in Table 2.

Among the members of series A, where the bromine atom was
substituted with bulkier aliphatic or aromatic moieties, only compound
1, featuring the slightly larger CF3 group, exhibited enhanced affinity for
the target (1 Kp = 295 nM versus I Kp = 3.75 pM) (Fig. 6). Compound 2,

functionalized with the smallest aliphatic chain in the series, retained
sufficient interaction with the target (Kp = 7.71 pM). Conversely, larger
substituents (3-9) likely hindered the compounds’ ability to access and
properly fit within the binding cavity. This effect could be attributed to
steric clashes caused by the long, highly flexible loop (Lys263-Lys275)
that spans across the binding site, a region that remains unresolved in X-
ray crystallographic analyses. Consequently, the AG values calculated
for compounds 3-9 should be considered as artifacts, as the docking
simulations place the ligands in the designated pocket based solely on
steric compatibility, without accounting for whether the ligands can
effectively access the pocket.

Series B was designed to improve the interactions with Arg280, a key
residue within the active site. Compound 10 showed a comparable Kp
value to the parent compound, while derivatives 11 and 12 showed
more than a tenfold improvement in affinity (11 Kp = 186 nM, 12 Kp =
789 nM) (Fig. 6). In this case, computational studies accurately pre-
dicted the AG values of the compounds. Specifically, both compounds
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Fig. 7. A) Superposition between I (orange; PDB ID 8ADF) and 11 (cyan; PDB ID 9HX2) within PPARy-LBD generated with The Protein Imager [34], showing the
interactions of 11 with the residues of the protein (light cyan sticks). Hydrogen bonds are depicted as black dashes and the water molecule as a pink sphere. B) 2D
Representation of the ligand interactions generated with Ligplot™ [35], showing hydrogen bonds (green dashes) and hydrophobic contacts (red spline curves). The
water molecule is depicted as a cyan sphere. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of

this article.)

11 and 12 exhibited lower AG values (—39.4 and —35.7 kcal/mol,
respectively) compared to the reference molecule I (—25.5 kcal/mol).
Conversely, for compound 10, we obtained a AG value only slightly
more negative (—29.8 kcal/mol), well correlating with the slight
improvement in the experimental dissociation constant (Kp = 4.10 pM).
The substitution with a carboxylic (11) or nitrile group (12), combined
with the flexibility of Arg280, likely facilitated the formation of new
hydrogen bond interactions with the side chain of the residue, thus
contributing to the marked increase in binding affinity. Therefore, this
second approach proved to be highly successful, leading to the identi-
fication of the most potent candidate (11) across both series. The
modifications not only significantly enhanced the binding affinity but
also demonstrated the effectiveness of strategic substitutions in opti-
mizing interactions with the target, demonstrating their potential to
enhance the overall potency of the compounds. Most notably, 11
showed stronger binding affinity for PPARy than the previously reported
PPARy non-agonists SR1664, UHC1, and AM-879 [19,33]. These liter-
ature compounds have also demonstrated promising in vivo efficacy,
further supporting the potential of our candidate for future therapeutic
development [19,33].

2.6. Binding of 11 to PPARy-LBD

To gain detailed structural insights into the binding mode of the most
potent compound, the crystal structure of the PPARy-LBD/11 complex
was determined at a resolution of 2.85 A using diffraction data collected
from apo-crystals soaked with the ligand. The electron density clearly
reveals the (R) enantiomer within molecule A of the crystallographic
dimer, with the ligand occupying the same binding site as the parent
compound I, located between helix 3 (H3) and the p-sheet (Fig. 7A). The
ligand retains the ability to form a hydrogen bond with Ser342 of the
p-sheet, a key feature that may prevent the phosphorylation of Ser245 by
CDKS5. Compared to I, compound 11 is slightly shifted and effectively
interacts with Arg280 of helix 3 through its extended carboxylic group,
as initially hypothesized during the design of series B compounds. As

shown in Fig. 7B, the oxygen atoms of the carboxylic group are posi-
tioned at a hydrogen-bonding distance of 2.9 A from the nitrogen atoms
of the flexible side chain of Arg280, ensuring a highly efficient inter-
action. In addition, the short distance between the oxygen atom located
at the meta position of the ligand’s benzene ring and the carbonyl oxygen
of Arg280 suggests the presence of a strong dipole-dipole interaction,

Table 3
Crystal data and structural refinement statistics for I-E1.
Compound I-E1
Empirical formula Cy8H14BrNO4
Formula weight 388.21
Temperature 293(2) K
Wavelength 0.71073 A
Crystal system Monoclinic
Space group P2,
Unit cell dimensions a=12.4484(3) A o =90°
b = 5.71790(10) A p =107.061(3)°
c=12.5919(4) A ¥ =90°

Volume

Z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

6 range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to 6 = 25.242°
Refinement method
Data/restraints/parameters
Goodness-of-fit on F2

Final R indices [I > 26(D)]

R indices (all data)

Absolute structure parameter
Largest diff. peak and hole
CCDC accession number

856.83(4) A3

2

1.505 Mg/m®

2.419 mm ™}

392

0.25 x 0.15 x 0.08 mm°®
1.692-26.371°
-15<h<15-7<k<7,-15<1<15
17731

3503 [Riy = 0.0265]

100.0 %

Full-matrix least-squares on F>
3503/1/226

1.052

R1 = 0.0280, wR2 = 0.0621
R1 = 0.0337, wR2 = 0.0639
—0.012(5)

0.420 and —0.301 e-A 3
2400627
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Table 4
Summary of crystallographic analysis for crystals of the PPARy-LBD/11 com-
plex.? Values in parentheses refer to the outer shell.

PPARy-LBD/11

Data collection

Space group c2

Cell dimension a, b, ¢ [A] 93.196, 61.182, 118.200
Wavelength [A] 0.968
Resolution range [10%] 50.78-2.85
Last shell [A] 2.90-2.85
Rumerge 0.17 (1.16) @
Unique reflections 15066

Mean (D/o(D) 3.5(1.0) ¢
Completeness 97.4(99.7) ¢
No. of molecules in asymmetric unit 2
Refinement

Resolution range [A] 50.78-2.85
Ruwork [%] 22.3

Riree [%] 28.6

Bond lengths r.m.s.d. [A] 0.003

Bond angles r.m.s.d. [deg] 0.643

PDB ID 9HX2

which further contributes to the stabilization of the binding. The posi-
tioning of the ligand is further stabilized by coordination with a water
molecule, as well as multiple hydrophobic interactions with residues
Leu255, Glu259, 1le262, Ile281, Gly284, Cys285, Arg288, Ile341 and
Met364. These interactions collectively enhance the binding affinity,
ensuring that the ligand remains firmly anchored within the binding site
through both polar and non-polar forces. Compared to the parent
compound I, the lower binding affinity constant observed for the de-
rivative compound 11 in the GCI assay likely reflects the more complex
and enhanced interaction network formed within the PPARy-LBD.

3. Conclusion

In this study, we identified and optimized y-hydroxy lactone de-
rivatives as innovative PPARy non-agonists capable of inhibiting CDK5-
mediated phosphorylation. Starting from compound I, which demon-
strated promising inhibition of PPARy phosphorylation with minimal
off-target activity, we refined its structure using both computational and
crystallographic approaches. Enantiomeric separation and crystallo-
graphic analysis revealed that both enantiomers of compound I exhibi-
ted comparable binding affinities for PPARy (3.320 pM and 5.521 pM for
(S)-I and (R)-I, respectively). This equivalence in activity enables the
practical use of these compounds as racemates, simplifying their syn-
thesis and reducing production costs without compromising their effi-
cacy. The use of racemic compound I as a starting point for the
development of innovative PPARy non-agonists was further supported
by its favorable safety profile, as confirmed by cytotoxicity assays on
PNT2 cells. Thus, we conducted computational studies to develop a new
library of y-hydroxy lactone derivatives with improved predicted bind-
ing affinities (—46.7 kcal/mol < AG < —26.7 kcal/mol), culminating in
compounds 11 and 12, which demonstrated nanomolar Kp values (186
nM and 789 nM for 11 and 12, respectively) and significantly enhanced
interactions with critical residues in the PPARy-LBD. These results were
confirmed by crystallographic analyses, providing structural insights
into their mechanism of action. A comparison of the PPARy-LBD/11
complex with PPARy-LBD/I (PDB ID 8ADF) revealed a conservation of
the key interaction with Ser342 and an enhanced binding to the side
chain of Arg280, facilitated by the oxyacetic substituent.

Overall, our work represents a significant step forward in the
development of safe and effective treatments for insulin resistance and
related metabolic disorders. By targeting the post-translational regula-
tion of PPARY, these compounds offer a novel therapeutic strategy that
could address the limitations of current treatments and pave the way for
the development of next-generation antidiabetic drugs.
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4. Materials and Methods
4.1. Enantiomeric separation

The separation of the enantiomeric mixture of compound I was
performed by preparative HPLC on a Waters system using a Phenomenex
Lux Cellulose-1 column 250 x 10 mm. Mobile phase: H,O/MeCN 60:40
+ 0.1 % TFA to H,O/MeCN 0:100 + 0.1 % TFA in 15 min. Flow rate: 5
mL/min. Wavelength: 254 nm. Temperature: 25 °C. The separation
procedure yielded the first enantiomer (tR = 8.07 min) at 98.83 % ee
and 98.60 % purity, and the second enantiomer (tR = 9.18 min) at
98.74 % ee and 97.89 % purity. The so-obtained stereoisomers were
subjected to crystallographic analysis and biological evaluations. The
optical rotatory powers are as follows: [a]p = +6.1508 + 0.0507 (c =
2.3 mg/mlL; solvent: MeOH; T = 26 °C) for I-E1, and [a]D = —3.7917 +
0.0225 (c = 2 mg/mL; solvent: MeOH; T = 24 °C) for I-E2.

4.2. Determination of the enantiomeric configuration

X-ray diffraction-quality crystals of I-E1 were obtained as colorless
prisms from the sublimation of a 6:4 MeCN/H50 solution. Intensity data
were collected at 293(2) K with a Rigaku XtaLAB Synergy diffractometer
(Rigaku, Tokyo, Japan), equipped with a microfocus PhotonJet Mo-Ka
source and a HyPix-6000HE detector. Data collection was performed
with omega scans with a step size of 0.5° and an exposure time of 43 s/
frame. A total number of 17,731 Bragg reflections (with a high degree of
redundancy) were collected, giving a metrically monoclinic unit. The
analysis of the systematic absences indicated the space group P2;. In-
tensity data were integrated and corrected for Lorentz-polarization ef-
fect, using the Rigaku CrysAlisPRO 1.171.42.90a software (CrysAlisPro
Software System, Rigaku Oxford Diffraction/Agilent Technologies UK
Ltd, Yarnton, UK). The same program was employed to perform a multi-
scan empirical absorption correction of the diffraction data. The struc-
ture was solved by direct methods using SIR2019/3 [36] and completed
by iterative cycles of full-matrix least squares refinement on F2 and AF
synthesis using SHELXL-2019/3 [37] within the WinGX suite (WinGX
v.2023.1 [38]). Hydrogen atoms were introduced at calculated positions
in their described geometries and allowed to ride on the attached atom
with fixed isotropic thermal parameters (1.2 Ueq of the parent atom for
aromatic and methine groups; 1.5 Ueq for methyl groups).
Oxygen-bound atoms were located in the Fourier map and refined iso-
tropically. The structure was analyzed by PARST [39] (H-bond geome-
try), Mogul [26,27] (comparison with CCDC-deposited structures),
Mercury 2023.3.0 [40] (geometrical features, crystal packing, and
intermolecular interactions), and CrystalExplorer21 [41] (HS analysis).
Graphical representations were rendered with Mercury and Crysta-
IExplorer21, starting from the CIF file compiled by WinGX. All relevant
crystallographic information is reported in Table 3 (see CIF file for
further details).

4.3. Cytotoxicity assay

The PNT2 (European Collection of Authenticated Cell Cultures,
ECACC, UK) human prostate cell line was purchased from Sigma-
Aldrich. The cells were cultured at 37 °C and 5 % CO5 in RPMI 1640
(Gibco Laboratories), supplemented with 10 % FBS (Gibco Labora-
tories), 1 % of 100 U/mL penicillin/streptomycin (Gibco Laboratories),
and 2 % L glutamine (Gibco Laboratories). The cells were seeded at a
density of 1 x 10* cells/well in 96-well plates and maintained under
standard growth conditions. After 24 h, cells were treated with com-
pound I in the range of 0.5-50 pM to a final volume of 100 pL. After 96 h,
cell viability was assessed by MTS assay, according to the manufac-
turer’s protocol (Cell Titer 96 Aqueous One Solution Cell Proliferation
Assay; Promega, Nacka, Sweden) using a 96-well-plate spectrophotom-
eter (Varioskan Flash Multimode Reader; ThermoFisher Scientific,
Waltham, MA, USA) set at A = 490 nm. The absorbance value of
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untreated cells was set at 100 % (control), and the viability of treated
cells was expressed as a percentage of the control. Three independent
experiments were performed for each condition.

4.4. Computational studies

4.4.1. Model selection and preparation

The X-ray crystal structure of the PPARy/I complex (PDB ID 8ADF)
was used as the starting point to perform computational studies [23].
The model consists of a PPARy dimer (i.e., Chain A and B), each com-
plexed with an (R)-I molecule. Notably, each ligand interacts with a
different binding mode with the active site. After a careful visual in-
spection of the different binding modes assumed by (R)-I, only Chain B
was selected for the computational analysis. The missing loops
(Thr238-Ser245, Gly258-Ala278, and Leu453-Leu468) were fully or
partially reconstructed by applying the computational homology
modeling technique. In detail, the first and last loops were fully built
using Chain A as a template model, while the second loop was partially
built using the PPARy structure available in the Protein Data Bank (PDB
ID 6189), in which the protein is complexed with Butyrolactone 1 (BLI)
[24]. However, only the Glu259-Lys263 and Lys275-Val277 segments
could be added to Chain B. Finally, the crystallization water (residue
#640 of the crystal structure) was maintained due to the important
coordination role with the OH group of the lactone (water bridge with
Ser342). The resulting model was then optimized and minimized using
the Protein Preparation Wizard tool of Maestro software (Schrodinger,
LLC, New York, NY, USA), which allowed us to: (I) complete the complex
structure by adding the missing hydrogens and creating the disulfide
bonds; (II) check the protonation state of the residues at pH 7.0; (III)
remove the atomic clashes; and (IV) assign the OPLS4 force field to the
atoms.

4.4.2. Docking procedures

The new library was prepared using the “Reaction-Based Enumera-
tion” tool available in the Maestro suite, adding simple, commercially
available R groups and obtaining a total of about 500 mutated com-
pounds. The docking grid was centered on the ligand, placed in the
active site of the crystal structure of PPARy (Chain B). Then, the docking
protocol was validated through re-docking of compound (R)-I. Finally,
the whole library was subjected to docking calculations, performed
using Glide software implemented in Maestro, applying the extra-
precision (XP) mode, to achieve the most favorable binding mode of
the compounds within the active site [42]. The best docking pose by
docking score exhibited by the best 30 ligands was selected for the
subsequent MD simulations.

4.4.3. MD simulations

Before performing the MD simulations, the system was properly
prepared. First, the protein was solvated in a TIP3P water box [43],
whose edges were required to have a minimum distance of 10 A from the
protein surface. Then, a proper number of counter-ions was added to
achieve charge neutrality (5 Na' atoms). To remove initial atom-atom
clashes in the protein structure, the system was relaxed using a
multi-step minimization protocol. Finally, in the equilibration phase, the
system was heated to 300 K in 300 ps, and pressure was increased to 1
atm. During MD simulations, temperature and pressure were kept con-
stant using Langevin thermostat [44] and Monte Carlo barostat [45],
respectively. Production trajectories were run for 250 ns in two inde-
pendent replicas (total 0.5 ps). AMBER22 was used to perform MD
simulations. Molecular Mechanics-Generalized Born Surface Area
(MM-GBSA) calculations [46] were performed to compute the ligand
binding free-energy (AG) values considering the 500 MD frames (cor-
responding to 100 ns of simulation time) in which the ligand displayed
the highest stability in the enzyme (the RMSD/time plot of the Ca atoms
was considered). In these calculations, the single trajectory approach
was applied, and the entropy contributions to the binding free energy
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4.4.4. RMSF calculation

The RMSF for the systems containing only the protein and the
PPARY/(R)-I complex were calculated considering the whole MD
simulation time. In both cases, the initial crystal structure was used as a
reference, and only the backbone atoms were included in the calcula-
tion. The calculation was performed using the “gmx rmsf” algorithm,
available in the GROMACS software package (version 2018.8).
XMGRACE (http://plasma gate.weizmann.ac.il/Grace) software was
used to plot the results.

4.5. Chemistry

All starting materials, chemicals, and solvents were purchased from
commercial suppliers (Sigma-Aldrich/Merck KGaA, Darmstadt, Ger-
many; FluoroChem, Hadfield, UK; CarloErba, Cornaredo, Italy) and used
as received. Anhydrous solvents were utilized without further drying.
Aluminum-backed Silica Gel 60 plates (0.2 mm; Merck, Darmstadt,
Germany) were used for thin-layer chromatography (TLC) to follow the
course of the reactions. Silica gel 60 (40-63 pm; Merck) was used for the
purification of intermediates and final compounds through flash column
chromatography. Melting points were determined in open capillary
tubes with a Stuart SMP30 Mp Apparatus (ColeParmer Stuart, Stone,
UK). Optical rotatory powers were measured with a Jasco P-1010
polarimeter (Jasco, Easton, 85 MD, USA), using a microcuvette (1 = 0.1
dm). 'H NMR, 13C NMR, and '°F NMR spectra were acquired at ambient
temperature with a Varian Oxford 300 MHz instrument (Varian, Palo
Alto, CA, USA), operating at 300 MHz for 'H, 75 MHz for 13C, and 282
MHz for '°F. ATR-FT-IR spectra were acquired with a Jasco FT/IR-610
(Jasco, Tokyo, Japan), equipped with an ATR sampling accessory.
High-resolution mass spectra (HRMS) were acquired on a ThermoFisher
Scientific Orbitrap Exploris 120 (ThermoFisher Scientific, Waltham,
MA, USA) equipped with UHPLC and C18 column. The purity of the
tested compounds (>95 %) was assessed by reversed-phase HPLC on a
Waters system (Waters, Milford, MA, USA), using a Grace VisionHT™
C18 Classic 5 pM, 250 mm x 4.6 mm column (Grace Davison Discovery
Sciences, Deerfield, IL, USA) in the following operative conditions:
mobile phase: 40:60H,0/MeCN + 0.1 % TFA (isocratic mode); flow rate:
1 mL/min; detector A: 254 nm; time: 20 min; temperature: 23 °C. All
relevant spectra, chromatograms, and atom numbering used in NMR
signal assignments are detailed in the Supplementary Materials.

Compounds 14a, 141, and 18a were purchased from commercial
suppliers (Sigma-Aldrich/Merck KGaA, Darmstadt, Germany; Fluo-
roChem, Hadfield, UK)

4.5.1. N-acetyl glycine (13)

Acetic anhydride (9.31 mmol, 3.5 eq.) was added to a solution of
glycine (2.66 mmol, 1 eq.) in vinegar (1 mL), and the mixture was stirred
for 20 min at room temperature. Then, the resulting precipitate was
collected by filtration to afford the desired pure product as a white solid,
without the need for further purification. Yield: 70 %. Rg 0.60 (DCM/
MeOH 8:2). Mp: 206-207 °C. 'H NMR (300 MHz, DMSO-de) § (ppm)
8.14 (s, 1H, Hs), 3.70 (d, J = 5.9 Hz, 2H, H;), 1.82 (s, 3H, Hy).

4.5.2. 4-Isobutoxybenzaldehyde (14b)

General procedure A. The appropriate bromo derivative (1.96
mmol, 1.2 eq) was added at room temperature to a stirred solution of 4-
hydroxybenzaldehyde (0.98 mmol, 1 eq.) and oven-dried KoCO3 (3.28
mmol, 4 eq.) in MeCN dry (3 mL). The mixture was stirred at reflux
under a nitrogen atmosphere for 4-48 h depending on the starting
compounds. The reaction mixture was extracted with EtOAc (3 x 5 mL),
and the organic phase was dried over anhydrous NasSOy4, filtered, and
evaporated in vacuo. The resulting solid was purified by flash column
chromatography (cyclohexane/EtOAc 8:2). Reaction time: 48 h. Aspect:
yellow oil. Starting reagent: 1-bromo-2-methylpropane. Yield: 80 %. Ry
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0.59 (cyclohexane/EtOAc 8:2). 'H NMR (300 MHz, CDClg) § (ppm) 9.87
(s, 1H, Hg), 7.82 (d, J = 8.8 Hz, 2H, Hy, Hg), 6.99 (d, J = 8.8 Hz, 2H, Hj,
Hj), 3.80 (d, J = 6.5 Hz, 2H, Hj1), 2.11 (hept, J = 6.7 Hz, 1H, H;5), 1.04
(d, J = 6.7 Hz, 6H, Hj3, H14).

4.5.3. 4-(2-Methylbutoxy)benzaldehyde (14c)

The compound was obtained according to General Procedure A.
Purification: flash column chromatography (cyclohexane/EtOAc 95:5).
Reaction time: 24 h. Aspect: colorless oil. Starting reagent: 1-bromo-2-
methylbutane. Yield: 60 %. Rg 0.68 (cyclohexane/EtOAc 9:1). g
NMR (300 MHz, CDCl3) 6 (ppm) 9.88 (s, 1H, Hg), 7.82 (d, J = 8.6 Hz, 2H,
H4, H6), 6.99 (d, J = 8.6 HZ, ZH, H1, Hg), 3.93-3.79 (m, ZH, Hll);
1.99-1.80 (m, 1H, Hjs), 1.62-1.51 (m, 1H, H;3-, partially overlapped
with Hp0), 1.34-1.23 (m, 1H, H;37), 1.03 (d, J = 6.7 Hz, 3H, Hj4), 0.96
(t, J = 7.4 Hz, 3H, H;5s).

4.5.4. 4-(2-Ethylbutoxy)benzaldehyde (14d)

Diisopropyl azodicarboxylate (1.58 mmol, 1.08 eq.) was added
dropwise at 0 °C to a solution of 4-hydroxybenzaldehyde (1.47 mmol, 1
eq.), 2-ethylbutan-1-ol (1.47 mmol, 1 eq.), and triphenylphosphine
(1.58 mmol, 1.08 eq.) in dry THF (4.7 mL). The mixture was stirred at
room temperature overnight, under a nitrogen atmosphere. The reaction
mixture was evaporated in vacuo, and the crude residue was purified by
flash column chromatography (cyclohexane/EtOAc 95:5) to afford the
desired product as a yellow oil. Yield: 80 %. Rg 0.39 (cyclohexane/
EtOAc 95:5). 'H NMR (300 MHz, CDCl5) § (ppm) 9.88 (s, 1H, Hg), 7.83
(d, J = 8.4 Hz, 2H, Ha, He), 7.00 (d, J = 8.4 Hz, 2H, Hy, H3), 3.93 (d, J =
5.7 Hz, 2H, Hy1), 1.69 (h, J = 6.1 Hz, 1H, Hyo), 1.52-1.44 (m, 4H, Hs,
Hi4), 0.94 (t, J = 7.3 Hz, 6H, His, Hig).

4.5.5. 4-((5-Methylhexyl)oxy)benzaldehyde (14e)

The compound was obtained according to General Procedure A. The
product was obtained in pure form, without the need for further puri-
fication. Reaction time: 4 h. Starting reagent: 1-bromo-5-methylhexane.
Aspect: colorless oil. Yield: 91 %. Rg 0.67 (cyclohexane/EtOAc 8:2). Bii
NMR (300 MHz, CDCl3) § (ppm) 9.86 (s, 1H, Hg), 7.81 (d, J = 8.4 Hz, 2H,
Ha, Hg), 6.97 (d, J = 8.4 Hz, 2H, H;, H3), 4.02 (t, J = 6.5 Hz, 2H, Hj;),
1.87-1.68 (m, 2H, H;3), 1.63-1.37 (m, 3H, H;3, H;s), 1.30-1.15 (m, 2H,
H14), 0.88 (d, J=6.6 HZ, 6H, H16, H]7).

4.5.6. 4-(3-(Trifluoromethyl)phenoxy)benzaldehyde (14f)
4-Fluorobelzaldehyde (1.17 mmol, 1 eq) was added at room tem-
perature to a stirred solution of 3-(trifluoromethyl)phenol (1.17 mmol, 1
eq.) and oven-dried K3COg3 (2.34 mmol, 2 eq.) in dry DMSO (2 mL). The
mixture was stirred for 10 min at 140 °C under a nitrogen atmosphere
and microwave irradiation. The reaction mixture was extracted with
EtOAc (3 x 5 mL), and the organic phase was washed with cold water,
dried over anhydrous NaySOy, filtered, and evaporated in vacuo. The
resulting solid was purified by flash column chromatography (cyclo-
hexane/EtOAC 85:15) to afford the final product as a pale-yellow oil.
Yield: 66 %. R¢: 0.52 (cyclohexane/EtOAc 85:15). ' NMR (300 MHz,
CDCl3) 5 (ppm) 9.96 (s, 1H, Hg), 7.89 (d, J = 8.7 Hz, 2H, Hy4, He),
7.61-7.41 (Il'l, 2H, H14, H16), 7.34 (S, lH, le), 7.31-7.20 (III, 1H, H15,
partially overlapped with the solvent), 7.10 (d, J = 8.7 Hz, 2H, Hj, Hj).

4.5.7. 4-Phenethoxybenzaldehyde (14g)

The compound was obtained according to General Procedure A.
Purification: flash column chromatography (cyclohexane/EtOAc 8:2).
Reaction time: 48 h. Starting reagent: (2-bromoethyl)benzene. Aspect:
yellow oil. Yield: 70 %. R¢: 0.45 (cyclohexane/EtOAc 8:2). 1H NMR (300
MHz, CDCl5) 5 (ppm) 9.88 (s, 1H, Hg), 7.82 (d, J = 8.8 Hz, 2H, Ha, Hg),
7.42-7.17 (m, 5H, Hy4, H;s, Hy6, H17, Hyg, partially overlapped with the
solvent), 6.99 (d, J = 8.8 Hz, 2H, Hj, H3), 4.26 (t, J = 7.0 Hz, 2H, Hj1),
3.13 (t, J = 7.0 Hz, 2H, Hj3).
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4.5.8. 4-(3-Fluorophenethoxy)benzaldehyde (14h)

The compound was obtained according to General Procedure A.
Purification: flash column chromatography (cyclohexane/EtOAc 8:2).
Reaction time: 48 h. Starting reagent: (1-(2-bromoethyl)-3-fluo-
robenzene. Aspect: yellow oil. Yield: 70 %. R¢: 0.53 (cyclohexane/EtOAc
8:2). 'H NMR (300 MHz, DMSO-de) 5 (ppm) 9.84 (s, 1H, Hg), 7.83 (d, J
= 8.8 Hz, 2H, Hy, Hp), 7.47-7.26 (m, 1H, H;7), 7.24-6.97 (m, 5H, H;,
Hs, Hya, Hig, Hig), 4.32 (t, J = 6.8 Hz, 2H, Hy1), 3.08 (t, J = 6.8 Hz, 2H,
Hio).

4.5.9. 4-(3-Phenylpropoxy)benzaldehyde (14i)

The compound was obtained according to General Procedure A.
Purification: flash column chromatography (cyclohexane/EtOAc 8:2).
Reaction time: 4 h. Starting reagent: (3-bromopropyl)benzene. Aspect:
colorless oil. Yield: 91 %. Rg 0.68 (cyclohexane/EtOAc 8:2). Iy NMR
(300 MHz, CDCl3) 5 (ppm) 9.88 (s, 1H, Hg), 7.83 (d, J = 8.6 Hz, 2H, Ha,
Hg), 7.37-7.15 (m, 5H, H;ys, Hig, Hy7, Hig, Hyg, partially overlapped
with the solvent), 6.98 (d, J = 8.6 Hz, 2H, Hy, H3), 4.04 (t, J = 6.3 Hz,
2H, H11), 2.83 (t, J=7.5 HZ, 2H, H13), 2.15 (p, J=16.6 Hz, 2H, le).

4.5.10. 2-Methyl-4-(4-(trifluoromethyl)benzylidene)oxazol-5(4H)-one
(15a)

General procedure B. A solution of N-acetyl-glycine (13, 1.71
mmol, 1.1 eq.), the appropriate benzaldehyde (1.55 mmol, 1 eq.), and
NaOAc (1.55 mmol, 1 eq.) in acetic anhydride (0.5 mL) was stirred at
100 °C for 5 h. The reaction mixture was purified with the appropriate
work-up, depending on the products. For 15a, the reaction mixture was
cooled, and the residue was filtered and washed with MeOH to give the
desired product. Starting reagent: 4-(trifluoromethyl)benzaldehyde
(14a). Aspect: yellow solid. Yield: 60 %. Rs: 0.64 (cyclohexane/EtOAc
8:2). Mp: 138-140 °C. 'H NMR (300 MHz, CDCls) 5 (ppm) 8.19 (d, J =
8.6 Hz, 2H, Hy, He), 7.69 (d, J = 8.3 Hz, 2H, Hy, Hs), 7.14 (s, 1H, Hy),
2.44 (s, 3H, Hy4).

4.5.11. 4-(4-Isobutoxybenzylidene)-2-methyloxazol-5(4H)-one (15b)

The compound was obtained according to general procedure B. Work
up: the reaction mixture was extracted with EtOAc (3 x 2 mL). The
organic phase was dried over anhydrous NaySOj, filtered, and evapo-
rated in vacuo. The crude was purified by flash column chromatography
(petroleum ether/EtOAc 95:5). Starting reagent: 4-isobutoxybenzalde-
hyde (14b). Aspect: yellow solid. Yield: 35 %. Rg 0.56 (petroleum
ether/EtOAc 95:5). Mp: 102 °C. 'H NMR (300 MHz, CDCl5) & (ppm) 8.04
(d, J = 8.9 Hz, 2H, Hy, He), 7.11 (s, 1H, Hy), 6.94 (d, J = 8.9 Hz, 2H, Hj,
Hj), 3.85-3.65 (m, 2H, Hjg), 2.39 (s, 3H, Hy4), 2.11 (hept, J = 6.0 Hz,
lH, H17), 1.04 (d, J=6.7 Hz, 6H, Hjg, ng).

4.5.12. 2-Methyl-4-(4-(2-methylbutoxy)benzylidene)oxazol-5(4H)-one
(15¢)

The compound was obtained according to general procedure B. Work
up: the reaction mixture was extracted with EtOAc (3 x 2 mL). The
organic phase was dried over anhydrous NaySOy, filtered, and evapo-
rated in vacuo. The crude was purified by flash column chromatography
(petroleum ether/EtOAc 95:5). Starting reagent: 4-(2- methylbutoxy)
benzaldehyde (14c). Aspect: yellow oil. Yield: 40 %. R¢: 0.55 (petroleum
ether/EtOAc 95:5). 'H NMR (300 MHz, CDCls) 6 (ppm) 8.04 (d, J = 8.8
Hz, 2H, Hy, He), 7.10 (s, 1H, Hy), 6.94 (d, J = 8.8 Hz, 2H, H;, Ha),
3.96-3.70 (m, 2H, Hje), 2.39 (s, 3H, Hys), 1.99-1.77 (m, 1H, H;7),
1.65-1.48 (m, 1H, H;g, partially overlapped with H,0), 1.29-1.19 (m,
1H, Hyg), 1.02 (d, J = 6.7 Hz, 3H, Hyg), 0.95 (t, J = 7.4 Hz, 3H, Ha).

4.5.13. 4-(4-(2-Ethylbutoxy)benzylidene)-2-methyloxazol-5(4H)-one
(15d)

The compound was obtained according to General Procedure B.
Work up: the reaction mixture was extracted with EtOAc (3 x 2 mL). The
organic phase was dried over anhydrous NaySOy, filtered, and evapo-
rated in vacuo. The crude was purified by flash column chromatography
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(petroleum ether/EtOAc 95:5). Starting reagent: 4-(2-ethylbutoxy)
benzaldehyde (14d). Aspect: yellow solid. Yield: 42 %. Ry: 0.48 (petro-
leum ether/EtOAc 95:5). Mp: 68-70 °C. 'H NMR (300 MHz, CDCl3) &
(ppm) 8.04 (d, J = 8.9 Hz, 2H, Hy, Hg), 7.11 (s, 1H, Hy), 6.95 (d, J = 8.9
Hz, 2H, Hy, H), 3.91 (d, J = 5.8 Hz, 2H, Hyg), 2.39 (s, 3H, Hy4), 1.68 (h,
J = 6.1 Hz, 1H, H;y7), 1.52-1.44 (m, 4H, Hyg, Hy9), 0.94 (t, J = 7.5 Hz,
6H, Hao, Ha1).

4.5.14. 2-Methyl-4-(4-((5-methylhexyl)oxy)benzylidene)oxazol-5(4H)-
one (15e)

The compound was obtained according to General Procedure B.
Work-up: The reaction mixture was extracted with EtOAc (3 x 2 mL).
The organic phase was dried over anhydrous NaySOy, filtered, and
evaporated in vacuo. The crude product was used directly in the next
step. Both the product and the starting benzaldehyde exhibited the same
Rt value, making purification by flash column chromatography unfea-
sible. Starting reagent: 4-((5-methylhexyl)oxy)benzaldehyde (14e). R
0.55 (cyclohexane/EtOAc 7:3).

4.5.15. 2-Methyl-4-(4-(3-(trifluoromethyl)phenoxy)benzylidene)oxazol-5
(4H)-one (15f)

The compound was obtained according to General Procedure B.
Work-up: the reaction mixture was cooled, and the residue was filtered
and washed with MeOH. The crude product was used directly in the next
step. Both the product and the starting benzaldehyde exhibited the same
R value, making purification by flash column chromatography unfea-
sible. Starting reagent: 4-(3-(trifluoromethyl)phenoxy)benzaldehyde
(14f). Rz 0.43 (cyclohexane/EtOAc 9:1).

4.5.16. 2-Methyl-4-(4-phenethoxybenzylidene)oxazol-5(4H)-one (15g)

The compound was obtained according to General Procedure B.
Work-up: the reaction mixture was extracted with EtOAc (3 x 2 mL).
The organic phase was dried over anhydrous NaySOy, filtered, and
evaporated in vacuo. The crude product was used directly in the next
step. Both the product and the starting benzaldehyde exhibited the same
R¢ value, making purification by flash column chromatography unfea-
sible. Starting reagent: 4-phenethoxybenzaldehyde (14g). Aspect: yel-
low solid. R¢: 0.63 (cyclohexane/EtOAc 8:2).

4.5.17. 4-(4-(3-Fluorophenethoxy)benzylidene)-2-methyloxazol-5(4H)-
one (15h)

The compound was obtained according to General Procedure B.
Work-up: the reaction mixture was extracted with EtOAc (3 x 2 mL).
The organic phase was dried over anhydrous NaySOy, filtered, and
evaporated in vacuo. The crude product was used directly in the next
step. Both the product and the starting benzaldehyde exhibited the same
R value, making purification by flash column chromatography unfea-
sible. Starting reagent: 4-(3-fluorophenethoxy)benzaldehyde (14h).
Aspect: brown oil. R¢: 0.57 (cyclohexane/EtOAc 8:2).

4.5.18. 2-Methyl-4-(4-(3-phenylpropoxy)benzylidene)oxazol-5(4H)-one
(151)

The compound was obtained according to General Procedure B.
Work-up: the reaction mixture was cooled, and the residue was filtered
and washed with MeOH to give the desired, pure product. Starting re-
agent: 4-(3-phenylpropoxy)benzaldehyde (14i). Aspect: yellow solid.
Yield: 66 %. Rg: 0.72 (cyclohexane/EtOAc 8:2). Mp: 130-132 °C. Bii
NMR (300 MHz, CDCl3) 5 (ppm) 8.04 (d, J = 8.8 Hz, 2H, Hy, Hg),
7.38-7.06 (m, 6H, Hy, Hyg, Ha1, Haoo, Hos, Hos, and CH, partially over-
lapped with the solvent), 6.94 (d, J = 8.8 Hz, 2H, H;, Hj), 4.02 (t, J =
6.3 Hz, 2H, Hjg), 2.82 (t, J = 7.5 Hz, 2H, Hjg), 2.38 (s, 3H, Hig),
2.20-2.07 (m, 2H, Hy7).

4.5.19. 4-(4-Bromobenzylidene)-2-methyloxazol-5(4H)-one (151
The compound was obtained according to General Procedure B.
Work-up: the reaction mixture was cooled, and the residue was filtered
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and washed with MeOH to give the desired, pure product. Starting re-
agent: 4-bromobenzaldehyde (141). Aspect: yellow solid. Yield: 54 %. R¢:
0.53 (cyclohexane/EtOAc 9:1). Mp: 196-198 °C. H NMR (300 MHz,
CDCls) 6 (ppm) 7.95 (d, J = 8.6 Hz, 2H, Hy, He), 7.57 (d, J = 8.6 Hz, 2H,
Hy, Ha), 7.06 (s, 1H, Hy), 2.41 (s, 3H, Hya).

4.5.20. 2-Acetamido-3-(4-(trifluoromethyl)phenyDacrylic acid (16a)

General procedure C. A solution of the appropriate 4-benzylidene-
2-methyloxazol-5(4H)-one derivative (15a-1, 0.60 mmol) in vinegar
(0.6 mL) was stirred at reflux for 3 h. The solid was filtered to afford the
desired, pure compound. Starting reagent: 2-methyl-4-(4-(tri-
fluoromethyl)benzylidene)oxazol-5(4H)-one (15a). Aspect: yellow
solid. Yield: 54 %. R¢: 0.29 (DCM/MeOH 9:1). Mp: 156-158 °C. 'H NMR
(300 MHz, CD30D) é (ppm) 7.93 (d, J = 8.3 Hz, 2H, Hy, Hg), 7.60 (d, J =
8.3 Hz, 2H, H;, H3), 6.50 (s, 1H, Hg), 2.09 (s, 3H, His).

4.5.21. 2-Acetamido-3-(4-isobutoxyphenylacrylic acid (16b)

The compound was obtained according to General Procedure C.
Aspect: yellow solid. Starting reagent: 4-(4-isobutoxybenzylidene)-2-
methyloxazol-5(4H)-one (15b). Yield: 78 %. Mp: 200-205 °C (dec.). R¢:
0.30 (DCM/MeOH 9:1). 'H NMR (300 MHz, CDs0D) § (ppm) 7.55 (d, J
= 8.8 Hz, 2H, Hy, Hg) 7.47 (s, 1H, Hy), 6.94 (d, J = 8.8 Hz, 2H, H;, Hs),
3.78 (d, J = 6.5 Hz, 2H, Hy7), 2.11 (s, 3H, Hys), 2.09-1.98 (m, 1H, Hyg),
1.03 (d, J=6.7 HZ, 6H, H]g, Hzo).

4.5.22. 2-Acetamido-3-(4-(2-methylbutoxy)phenyDacrylic acid (16c)

The compound was obtained according to General Procedure C.
Aspect: yellow solid. Starting reagent: 2-methyl-4-(4-(2-methylbutoxy)
benzylidene)oxazol-5(4H)-one (15¢). Yield: 53 %. Mp: 154-155 °C. Rg¢:
0.24 (DCM/MeOH 9:1). 'H NMR (300 MHz, CD30D) 6 (ppm) 7.55 (d, J
= 8.8 Hz, 2H, Hy, Hg), 7.47 (s, 1H, Hg), 6.94 (d, J = 8.8 Hz, 2H, Hy, Ha),
3.92-3.74 (m, 2H, H;7), 2.11 (s, 3H, Hys), 1.96-1.74 (m, 1H, Hig),
1.74-1.47 (m, 1H, Hyg), 1.47-1.17 (m, 1H, Hyg), 1.17-0.82 (m, 6H,
Hao, H21).

4.5.23. 2-Acetamido-3-(4-(2-ethylbutoxy)phenylDacrylic acid (16d)

The compound was obtained according to General Procedure C.
Starting reagent: 4-(4-(2-ethylbutoxy)benzylidene)-2-methyloxazol-5
(4H)-one (15d). Aspect: light yellow solid. Yield: 78 %. R¢: 0.29 (DCM/
MeOH 9:1). Mp: 165-170 °C (dec). H NMR (300 MHz, CD30D) 6 (ppm)
7.55 (d, J = 8.9 Hz, 2H, Hy, Hg), 7.47 (s, 1H, Hg), 6.94 (d, J = 8.9 Hz, 2H,
Hj, Hs), 3.92 (d, J = 5.5 Hz, 2H, Hjy), 2.11 (s, 3H, Hjs), 1.64 (h, J =
12.3, 6.2 Hz, 1H, Hg), 1.57-1.40 (m, 4H, Hj9, Hyp), 0.94 (t, J = 7.4 Hz,
6H, Hp, Hoo).

4.5.24. 2-Acetamido-3-(4-((5-methylhexyl)oxy)phenyDacrylic acid (16e)

The compound was obtained according to General Procedure C.
Work up: the reaction mixture was basified with 1 M NaOH and
extracted with water (3 x 2 mL). The aqueous phase was acidified with
2 M HCI and extracted with EtOAc (3 x 5 mL). The organic phase was
dried over anhydrous NaySOu, filtered, and evaporated in vacuo. Starting
reagent: 2-methyl-4-(4-((5-methylhexyl)oxy)benzylidene)oxazol-5(4H)-
one (15e). Aspect: white solid. Yield: 40 %. R¢: 0.33 (DCM/MeOH 9:1).
Mp: 165-168 °C. 'H NMR (300 MHz, CD30D) § (ppm) 7.53 (d, J = 8.8
Hz, 2H, Hy, Hg), 7.44 (s, 1H, Hg), 6.92 (d, J = 8.8 Hz, 2H, H;, H3), 4.00 (t,
J = 6.4 Hz, 2H, H;y), 2.11 (s, 3H, Hjs), 1.86-1.67 (m, 2H, H;g),
1.67-1.34 (m, 3H, Hig, Hy1), 1.34-1.17 (m, 2H, Hyg), 0.90 (d, J = 6.6
HZ, 6H, H22, H23).

4.5.25. 2-Acetamido-3-(4-(3-(trifluoromethylphenoxy)phenyDacrylic
acid (16f)

The compound was obtained according to General Procedure C.
Work up: the reaction mixture was basified with 1 M NaOH and
extracted with water (3 x 2 mL). The aqueous phase was acidified with
2 M HCI and extracted with EtOAc (3 x 5 mL). The organic phase was
dried over anhydrous NaySOu, filtered, and evaporated in vacuo. Starting
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reagent: 2-methyl-4-(4-(3-(trifluoromethyl)phenoxy)benzylidene)oxa-
zol-5(4H)-one (15f). Aspect: yellow solid. Yield: 48 %. R¢: 0.33 (DCM/
MeOH 7:3). Mp: 105-107 °C. 'H NMR (300 MHz, CDs0OD) § (ppm)
7.69-7.53 (m, 3H, Ha4, He, Hig), 7.51-7.41 (m, 2H, Hg, Hy,), 7.33-7.24
(m, 2H, Hyg, Hay), 7.06 (d, J = 8.7 Hz, 2H, Hy, H), 2.10 (s, 3H, H;s).

4.5.26. 2-Acetamido-3-(4-phenethoxyphenylacrylic acid (16g)

The compound was obtained according to General Procedure C.
Work up: the reaction mixture was basified with 1 M NaOH and
extracted with water (3 x 2 mL). The aqueous phase was acidified with
2 M HCI and extracted with EtOAc (3 x 5 mL). The organic phase was
dried over anhydrous NaSOy, filtered, and evaporated in vacuo. Starting
reagent: 2-methyl-4-(4-phenethoxybenzylidene)oxazol-5(4H)-one
(15g). Aspect: white solid. Yield: 52 %. R¢: 0.12 (DCM/MeOH 8:2). Mp:
162 °C. 'H NMR (300 MHz, CD30D) 6 (ppm) 7.53 (d, J = 8.9 Hz, 2H, H,
Hﬁ), 7.45 (S, lH, Hg), 7.34-7.25 (IIl, 5H, Hzo, H21, sz, H23, H24), 6.93 (d,
J = 8.9 Hz, 2H, Hy, Hs) 4.22 (t, J = 6.8 Hz, 2H, Hy,), 3.07 (t, J = 6.8 Hz,
2H, Cng), 2.10 (S, 3H, H15).

4.5.27. 2-Acetamido-3-(4-(3-fluorophenethoxy)phenyl)acrylic acid (16h)

The compound was obtained according to General Procedure C.
Work up: the reaction mixture was basified with 1 M NaOH and
extracted with water (3 x 2 mL). The aqueous phase was acidified with
2 M HCI and extracted with EtOAc (3 x 5 mL). The organic phase was
dried over anhydrous NasSOy, filtered, and evaporated in vacuo. Starting
reagent: 4-(4-(3-fluorophenethoxy)benzylidene)-2-methyloxazol-5
(4H)-one (15h). Aspect: white solid. Yield: 45 %. Rg: 0.20 (DCM/MeOH
9:1). Mp: 162-163 °C (dec.). "H NMR (300 MHz, CD30D) 5 (ppm) 7.53
(d, J = 8.5 Hz, 2H, Hy4, Hg), 7.44 (s, 1H, Hg), 7.29 (q, J = 7.5 Hz, 1H,
H23), 7.17-7.00 (m, 2H, H22, H24), 7.00-6.85 (Il‘l, 3H, H1, H3, Hzo), 4.23
(t, J = 6.5 Hz, 2H, H;7), 3.08 (t, J = 6.5 Hz, 2H, Hig), 2.09 (s, 3H, His).

4.5.28. 2-Acetamido-3-(4-(3-phenylpropoxy)phenylacrylic acid (16i)

The compound was obtained according to General Procedure C.
Starting reagent: 2-methyl-4-(4-(3-phenylpropoxy)benzylidene)oxazol-
5(4H)-one (15i). Aspect: yellow solid. Yield: 61 %. R 0.27 (DCM/MeOH
9:1). Mp: 162-163 °C. 'H NMR (300 MHz, CD30D) & (ppm) 7.54 (d, J =
8.9 HZ, 2H, H4, HG), 7.47 (S, 1H, Hs), 7.31-7.09 (IIl, SH, Hz], sz, H23,
Hoa, Has), 6.93 (d, J = 8.9 Hz, 2H, Hy, Hs), 3.99 (t, J = 6.2 Hz, 2H, Hy7),
2.79 (t, J = 7.4 Hz, 2H, Hyo), 2.21-2.01 (m, 5H, Hyg, His).

4.5.29. 2-Acetamido-3-(4-bromophenyl)acrylic acid (161)

The compound was obtained according to General Procedure C.
Aspect: yellow solid. Starting reagent: 4-(4-bromobenzylidene)-2-
methyloxazol-5(4H)-one (151). Yield: 80 %. Mp: 216-218 °C (dec.). R¢:
0.13 (DCM/MeOH 8:2). 'H NMR (300 MHz, CD30D) é (ppm) 7.55 (d, J
= 8.6 Hz, 2H, Hy4, Hg), 7.47 (d, J = 8.6 Hz, 2H, H;, H3), 7.41 (s, 1H, Hg),
2.09 (s, 3H, H;s).

4.5.30. Ethyl 2-hydroxy-3-(4-(trifluoromethylDphenyl)acrylate (17a)

General procedure D. Concentrated HCl (0.70 mL) was added
dropwise to a stirred solution of the appropriate 2-acetamido-3-phenyl-
acrylic acid (16a-1, 1 eq., 0.37 mmol) in EtOH (0.70 mL), and the re-
action mixture was stirred at reflux for 5 h. Then, EtOH was evaporated
in vacuo, and the resulting mixture was extracted with EtOAc (3 x 5mL),
dried over anhydrous NasSOy,, filtered, and evaporated under reduced
pressure. The crude was directly used in the next step due to stability
issues. Starting reagent: 2-acetamido-3-(4-(trifluoromethyl)phenyl)
acrylic acid (16a). R¢: 0.70 (cyclohexane/EtOAc 7:3).

4.5.31. Ethyl 2-hydroxy-3-(4-isobutoxyphenyDacrylate (17b)

The compound was obtained according to General Procedure D.
Starting reagent: 2-acetamido-3-(4-isobutoxyphenyl)acrylic acid (16b).
Rg 0.47 (cyclohexane/EtOAc 8:2).
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4.5.32. Ethyl 2-hydroxy-3-(4-(2-methylbutoxy)phenylDacrylate (17c)

The compound was obtained according to General Procedure D.
Starting reagent: 2-acetamido-3-(4-(2-methylbutoxy)phenyl)acrylic
acid (16c¢). Rg: 0.54 (cyclohexane/EtOAc 9:1).

4.5.33. Ethyl 3-(4-(2-ethylbutoxy)phenyl)-2-hydroxyacrylate (17d)

The compound was obtained according to General Procedure D.
Starting reagent: 2-acetamido-3-(4-(2-ethylbutoxy)phenyl)acrylic acid
(16d). Re: 0.29 (cyclohexane/EtOAc 9:1).

4.5.34. Ethyl 2-hydroxy-3-(4-((5-methylhexyl)oxy)phenylacrylate (17e)

The compound was obtained according to General Procedure D.
Starting reagent: 2-acetamido-3-(4-((5-methylhexyl)oxy)phenyl)acrylic
acid (16e). Rg: 0.46 (cyclohexane/EtOAc 9:1).

4.5.35. Ethyl 2-hydroxy-3-(4-(3-(trifluoromethyl)phenoxy)phenylacry-
late (17f)

The compound was obtained according to General Procedure D.
Starting  reagent: 2-acetamido-3-(4-(3-(trifluoromethyl)phenoxy)
phenyl)acrylic acid (17f). Rg: 0.45 (cyclohexane/EtOAc 9:1).

4.5.36. Ethyl 2-hydroxy-3-(4-phenethoxyphenylDacrylate (17g)

The compound was obtained according to General Procedure D.
Starting reagent: 2-acetamido-3-(4-phenethoxyphenylacrylic acid
(17g). R¢: 0.44 (cyclohexane/EtOAc 9:1).

4.5.37. Ethyl 3-(4-(3-fluorophenethoxy)phenyD)-2-hydroxyacrylate (17h)

The compound was obtained according to General Procedure D.
Starting reagent: 2-acetamido-3-(4-(3-fluorophenethoxy)phenyl)acrylic
acid (16h). R¢: 0.50 (cyclohexane/EtOAc 8:2).

4.5.38. Ethyl 2-hydroxy-3-(4-(3-phenylpropoxy)phenyDacrylate (17i)

The compound was obtained according to General Procedure D.
Starting reagent: 2-acetamido-3-(4-(3-phenylpropoxy)phenyl)acrylic
acid (16i). R¢: 0.70 (cyclohexane/EtOAc 8:2).

4.5.39. Ethyl 3-(4-bromophenyl)-2-hydroxyacrylate (171

The compound was obtained according to General Procedure D.
Starting reagent: 2-acetamido-3-(4-bromophenyl)acrylic acid (161). Re
0.61 (cyclohexane/EtOAc 6:4).

4.5.40. 3-(Hydroxymethyl)benzaldehyde (18b)

NaBH4 (0.35 eq., 0.26 mmol) was added dropwise to a cooled solu-
tion of isophthalaldehyde (1 eq., 0.74 mmol) in dry THF (1 mL) and dry
EtOH (0.3 mL). The mixture was stirred at 0 °C for 1 h under a nitrogen
atmosphere. After completion, the reaction was quenched with NH,4Cl
(4 mL). The solvent was removed in vacuo, and the residue was extracted
with DCM (3 x 5 mL), dried over anhydrous NaySOy, filtered, and
evaporated under reduced pressure. The crude was purified by flash
column chromatography (cyclohexane/EtOAc 6:4) to afford the product
as a colorless oil. Yield: 40 %. Rg 0.31 (cyclohexane/EtOAc 6:4). H
NMR (300 MHz, CDCl3) 5 (ppm) 10.04 (s, 1H, Hg), 7.98-7.75 (m, 2H, Hy,
Hg), 7.66 (d, J = 7.5 Hz, 1H, Hy), 7.54 (t, J = 7.5 Hz, 1H, H3), 4.81 (s, 2H,
Hio).

4.5.41. 2-(3-Formylphenoxy)acetic acid (18c)

The compound was obtained according to General Procedure A.
Purification: flash column chromatography (DCM/MeOH 8:2 + 0.5 %
AcOH). Reaction time: 12 h. Starting reagents: bromoacetic acid, and 3-
hydroxybenzaldehyde. Aspect: white solid. Yield: 56 %. Mp: 112-113
°C. R¢: 0.26 (DCM/MeOH 8:2). 'H NMR (300 MHz, CD30D) 6 (ppm) 9.93
(s, 1H, Hg), 7.65-7.33 (m, 3H, Hy, Ha4, He), 7.33-7.13 (m, 1H, Hs), 4.47
(S, 2H, H11)~

4.5.42. 2-(3-Formylphenoxy)acetonitrile (18d)
The compound was obtained according to General Procedure A.
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Purification: flash column chromatography (cyclohexane/EtOAc 7:3).
Reaction time: 4 h. Starting reagents: 2-bromoacetonitrile, and 3-
hydroxybenzaldehyde. Aspect: colorless oil. Yield: 58 %. Rg 0.40
(cyclohexane/EtOAc 7:3). Iy NMR (300 MHz, CDCl3) 6 (ppm) 10.01 (s,
1H, Hg), 7.69-7.45 (m, 3H, Hy, Hy, He), 7.33-7.20 (m, 1H, Hs, partially
overlapped with the solvent), 4.85 (s, 2H, Hj1).

4.5.43. 3-Hydroxy-5-(3-hydroxyphenyl)-4-(4-(trifluoromethyl)phenyD
furan-2(5H)-one (1)

General procedure E. DBU (1.01 eq., 0.75 mmol) was added
dropwise to a cold solution of the appropriate ethyl 2-hydroxy-3-phenyl-
acrylate derivative (17a-1, 1 eq, 0.74 mmol) and the desired benzalde-
hyde (18a-d, 1.3 eq., 0.96 mmol) in dry DMF (3.1 mL), and the reaction
mixture was stirred at 0 °C for 5 h under a nitrogen atmosphere. The
resulting solution was then diluted with EtOAc (10 mL) and extracted
with water (3 x 15 mL). The aqueous phase was acidified with 3 M HCIL
and extracted with EtOAc (3 x 20 mL). The organic phase was washed
with cold water to remove the residual DMF, dried over anhydrous
NaySOy, filtered, and evaporated in vacuo. The resulting solid was pu-
rified by flash column chromatography (cyclohexane/EtOAc 8:2) to
afford the desired product. Aspect: white solid. Starting reagents: ethyl
2-hydroxy-3-(4-(trifluoromethyl)phenyl)acrylate (17a), and 3-hydroxy-
benzaldehyde (18a). Yield: 30 %. Mp: 122-124 °C. Rg 0.15 (cyclo-
hexane/EtOAc 8:2). FTIR (ATR) v (cm 1) 3289, 2917, 1732, 1616, 1458,
1394, 1321, 1115, 1064, 849, 789. 'H NMR (300 MHz, CD30D) 6 (ppm)
7.81 (d, J = 8.1 Hz, 2H, H;5, H19) 7.59 (d, J = 8.3 Hz, 2H, Hy6, H1g), 7.18
(t,J =7.9 Hz, 1H, Hy), 6.86 (d, J = 7.6 Hz, 1H, H;), 6.80-6.70 (m, 2H,
Ho, Hy3), 6.29 (s, 1H, Hs). 13¢ NMR (75 MHz, Acetone-dg) 5(ppm) &
168.34 (C3), 157.89 (Cy2), 140.48 (Cg), 137.69 (C3), 134.61 (Cy), 130.16
(Ci5, C19), 128.08 (C19, C14, C16, C17, C18) 125.28 (q, C21), 119.32 (Cq1),
116.59 (C13), 114.55 (Co), 80.28 (Cs). '°F NMR (282 MHz, CD30D) 6
(ppm) —64.33 (CF3). HRMS (ESI-): m/z calc. for [Cy7H;1F304]™
336.0609, [M — H] m/z found: 335.0535; m/z calc. for [C34H22F¢Og]
672.1218, [2M — H] m/z found: 671.1145.

4.5.44. 3-Hydroxy-5-(3-hydroxyphenyl)-4-(4-isobutoxyphenyl)furan-2
(5H)-one (2)

The compound was obtained according to General Procedure E.
Purification: flash column chromatography (petroleum ether/EtOAc
7:3). Aspect: white solid. Starting reagents: ethyl 2-hydroxy-3-(4-isobu-
toxyphenyl)acrylate (17b), and 3-hydroxybenzaldehyde (18a). Yield:
28 %. Mp: 188-191 °C. Rg: 0.37 (cyclohexane/EtOAc 6:4). FTIR (ATR) v
(em™1) 3301, 2960, 2920, 2871, 1725, 1604, 1514, 1386, 1253, 1174,
1024, 837, 789, 705. 'H NMR (300 MHz, CD30D) 6 (ppm) 7.57 (d, J =
8.8 Hz, 2H, H;s, Hi9), 7.16 (t, J = 7.7 Hz, 1H, Hy(), 6.90-6.63 (m, 5H,
Hg, H11, H13, H16, HlS), 6.17 (S, 1H, Hs), 3.69 (d, J=6.5 HZ, ZH, sz),
1.99 (h, J = 6.6 Hz, 1H, Ha3), 0.99 (d, J = 6.7 Hz, 6H, Ha4, Has). '>CNMR
(75 MHz, Acetone-ds) § 168.94 (C3), 159.46 (C12), 157.79 (Cg), 138.53
(C2), 137.00 (Cyp), 129.98 (Cyp), 129.27 (Cy5, C19), 128.18 (Co), 123.14
(C11), 119.37 (C14), 116.30 (C13), 114.38 (Cy6, C18), 80.22 (Cs), 73.98
(C22), 20.05 (Cg3), 18.45 (Ca4, Czs). HRMS (ESI-): m/z calc. for
[C20H2005]: 340.1311, [M — H]” m/z found: 339.1234; m/z calc. for
[C40H40010]_Z 680.2622, [2M - H]- m/z found: 679.2581.

4.5.45. 3-Hydroxy-5-(3-hydroxyphenyl)-4-(4-(2-methylbutoxy)phenyl)
furan-2(5H)-one (3)

The compound was obtained according to General Procedure E.
Purification: flash column chromatography (cyclohexane/EtOAc 6:4).
Aspect: white solid. Starting reagents: ethyl 2-hydroxy-3-(4-(2-methyl-
butoxy)phenyl)acrylate (17c), and 3-hydroxybenzaldehyde (18a).
Yield: 30 %. Mp: 175-179 °C. R¢: 0.38 (cyclohexane/EtOAc 6:4). FTIR
(ATR) v (cmfl) 3302, 2961, 2920, 1724, 1604, 1514, 1385, 1255, 838,
791. 'H NMR (300 MHz, CDCl3) § 7.52 (d, J = 8.9 Hz, 2H, Hj, H14)7.23
(t, J = 7.9 Hz, 1H, Hj, partially overlapped with the solvent), 6.95 (d, J
=77 HZ, 1H, H17), 6.88-6.75 (Il'l, 4H, H11, H13’ H15, ng), 6.10 (S, 1H,
Hs), 3.84-3.64 (m, 2H, Ha4), 1.91-1.72 (m, 1H, Has3), 1.62-1.42 (m, 1H,
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Ha4), 1.32-1.16 (m, 1H, Hay4), 1.02-0.86 (m, 6H, Has, Hag). 3C NMR
(75 MHz, Acetone-dg) §(ppm) 168.92 (C3), 159.49 (Cp), 138.51 (C;),
136.96 (Cg), 129.96 (C1), 129.25 (C10,C14), 128.18 (C15), 123.11 (Cy0),
119.35 (Co), 116.30 (Cy7), 114.43 (Cy1, C13), 80.21 (Cs), 72.45 (Ca1),
34.56 (Ca3), 25.79 (Ca4), 15.78 (Ca6), 10.63 (Cas). HRMS (ESL-): m/z
calc. for [Co1H2205]": 354.1467, [M — H] m/z found: 353.1390; m/z
calc. for [C4o2H44010]: 708.2934, [2M — H]” m/z found: 707.2860.

4.5.46. 4-(4-(2-Ethylbutoxy)phenyl)-3-hydroxy-5-(3-hydroxyphenyl)
furan-2(5H)-one (4)

The compound was obtained according to General Procedure E.
Purification: flash column chromatography (cyclohexane/EtOAc 6:4).
Aspect: white solid. Starting reagents: ethyl 3-(4-(2-ethylbutoxy)
phenylD)-2-hydroxyacrylate (17d), and 3-hydroxybenzaldehyde (18a).
Yield: 28 %. Mp: 175 °C. Rg: 0.29 (cyclohexane/EtOAc 7:3). FTIR (ATR)
v (em™1) 3299, 2961, 2927, 2875, 1723, 1603, 1514, 1383, 1252, 838,
788. 'H NMR (300 MHz, Acetone-ds) 5 (ppm) 7.65 (d, J = 8.9 Hz, 2H,
H](), H14), 7.22 (t, J=7.7 HZ, ].H, H16), 7.02-6.76 (Il‘l, 5H, H]], H13, H15,
Hi7, Hyo), 6.31 (s, 1H, Hs), 3.90 (d, J = 5.6 Hz, 2H, Hy;), 1.63 (h, J = 6.1
Hz, 1H, Hyy), 1.56-1.34 (m, 4H, Hy4, Hye), 0.91 (t, J = 7.5 Hz, 6H, Has,
Hyy). '3C NMR (75 MHz, Acetone-dg) 6 159.57 (C3), 157.83 (Cig),
157.72 (C12), 138.53 (Cg), 137.01 (C2), 129.99 (Cig), 129.27 (C1o, C14),
128.20 (Cy), 119.37 (Co), 116.34 (Ci5), 116.25 (Ci9), 114.47 (Cy7),
114.39 (C11, C13), 80.22 (Cs), 69.73 (C21), 40.82 (C22), 23.10 (Ca4, Co6),
10.47 (Cys, Co7). HRMS (ESI-): m/z calc. for [CasH2405]": 368.1624, [M
— H]  m/z found: 367.1545; m/z calc. for [C44H48010]": 736.3248, [2M
— H] m/z found: 735.3170.

4.5.47. 3-Hydroxy-5-(3-hydroxyphenyl)-4-(4-((5-methylhexyDoxy)
phenyl)furan-2(5H)-one (5)

The compound was obtained according to General Procedure E.
Purification: flash column chromatography (cyclohexane/EtOAc 7:3).
Aspect: white solid. Starting reagents: ethyl 2-hydroxy-3-(4-((5-methyl-
hexyl)oxy)phenyl)acrylate (17e), and 3-hydroxybenzaldehyde (18a).
Yield: 31 %. Mp: 134-136.7 °C (dec.). R¢: 0.45 (cyclohexane/EtOAc 6:4).
FTIR (ATR) v (cm™ 1) 3300, 2949, 2867, 1727, 1604, 1514, 1383, 1249,
838, 788. H NMR (300 MHz, Acetone-dg) § (ppm) 9.16 (s, 1H, br s exch
H,0, OH), 8.43 (s, 1H, br s exch H,O, OH), 7.65 (d, J = 8.9 Hz, 2H, Hy,
Hyq), 7.21 (t, J = 7.7 Hz, 1H, Hyg), 7.10-6.68 (m, 5H, H, Hy1, His, His,
Hi7, Hi9), 6.30 (s, 1H, Hs), 3.99 (t, J = 6.5 Hz, 2H, Hy1), 1.73 (p, J = 6.7
HZ, ZH, Hzg), 1.63-1.38 (m, 3H, H24, H26), 1.36-1.14 (m, ZH, st), 0.87
(d, J = 7.2 Hz, 6H, Hayy, Hag). 13C NMR (75 MHz, Acetone-dg) 5 (ppm)
168.93 (Cs), 159.38 (C12), 157.79 (Cig), 138.51 (Cg), 136.97 (Co),
129.97 (C1), 129.25 (C10, C14) 128.19 (C1), 123.09 (Co), 119.35 (C15),
116.31 (Cy9), 114.45 (C;7), 114.35 (C11, C13), 80.22 (Cs), 67.67 (Ca1),
38.47 (Cas5), 29.24 (Cy3), 27.74 (Ca7, Cag) 23.60 (Cas), 21.95 (Cop).
HRMS (ESI-): m/z calc. for [Co3Ho605]: 382.1780, [M — H]” m/z found:
381.1703; m/z calc. for [C46Hs52010]": 764.3560, [2M — H] m/z found:
763.3484.

4.5.48. 3-Hydroxy-5-(3-hydroxyphenyl)-4-(4-(3-(trifluoromethyl)
phenoxy)phenyl)furan-2(5H)-one (6)

The compound was obtained according to General Procedure E.
Purification: flash column chromatography (cyclohexane/EtOAc 7:3).
Aspect: white solid. Starting reagents: ethyl 2-hydroxy-3-(4-(3-(trifluor-
omethyl)phenoxy)phenyl)acrylate (17f), and 3-hydroxybenzaldehyde
(18a). Yield: 35 %. Mp: 109.5-110.5 °C. Rg: 0.33 (cyclohexane/EtOAc
6:4). FTIR (ATR) v (cm™}) 3301, 2961, 2919, 1729, 1591, 1508, 1449,
1386, 1237, 914, 789, 698. 'H NMR (300 MHz, CDCl3) § (ppm) 7.58 (d,
J=28.8 HZ, 2H, Hlo, H14), 7.52-7.35 (rn, 2H, H16, H26), 7.35-7.12 (m,
3H, partially overlapped with the solvent, Ha3, Has, Hoy), 7.17 (d, J =
8.0 Hz, 1H, H;s) 7.04-6.89 (m, 3H, H;1, Hys, H 19), 6.89-6.74 (m, 2H,
Hi7, Hao), 6.20-6.03 (m, 2H, Hs, He). 1°C NMR (75 MHz, Acetone-dg) &
(ppm) 168.73 (C 3), 157.86 (C 21), 157.16 (C 18), 156.49 (Cg, C12) 138.26
(Cg), 138.19 (Cy), 131.94 (Ca4), 131.17 (Cg6), 130.08 (C16), 129.67 (Cyo,
C14) 127.13 (Co), 126.71 (Cag), 122.68 (C15), 120.24 (q, Czs), 119.35
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(Ca7), 118.74 (Cq1, C13) 115.46 (Cy7), 115.63 (q, Ca23), 114.46 (Cq9),
80.26 (Cs). '°F NMR (282 MHz, CDCl3) § (ppm) —62.76 (CF3). HRMS
(ESI-): m/z calc. for [Co3HysF30s]: 428.0872, [M — H]™ m/z found:
427.0793.

4.5.49. 3-Hydroxy-5-(3-hydroxyphenyl)-4-(4-phenethoxyphenyl)furan-2
(5H)-one (7)

The compound was obtained according to General Procedure E.
Purification: flash column chromatography (cyclohexane/EtOAc 6:4).
Aspect: white solid. Starting reagents: ethyl 2-hydroxy-3-(4-phenethox-
yphenyl)acrylate (17g), and 3-hydroxybenzaldehyde (18a). Yield: 25 %.
Mp: 158-160 °C. Re 0.49 (cyclohexane/EtOAc 6:4). FTIR (ATR) v
(em™) 3297, 3060, 2920, 1721, 1602, 1512, 1383, 1249, 839, 700. H
NMR (300 MHz, Acetone-dg) 6 (ppm) 7.65 (d, J = 8.7 Hz, 2H, H;, Hi4),
7.40-7.13 (m, 6H, ng, H25, H26, H27, Hzg, Hzg), 7.00-6.76 (I'Il, 5H, H11,
Hjs, His, Hie, H17), 6.30 (s, 1H, Hs), 4.20 (t, J = 6.9 Hz, 2H, Hj;), 3.06
(t,J = 6.9 Hz, 2H, Hy3). 13C NMR (75 MHz, Acetone-dg) 5 (ppm) 168.93
(C3), 159.06 (C12), 157.79 (C1g), 138.49 (Ca4), 138.43 (Cg), 137.08 (Co),
129.98 (Cy), 129.27 (Cy9p, C14), 128.96 (Cas, Cag), 128.31 (Cyg), 128.28
(Cag), 128.11 (Cy1), 126.27 (Ca7), 123.30 (Co), 119.36 (Ci5), 116.32
(C17), 114.45, (Cq9) 114.43 (Cy11,C13), 80.22 (Cs), 68.42 (Ca1), 35.30
(Ca3). HRMS (ESI-): m/z calc. for [Co4H200s5]: 388.1311, [M — H] m/z
found: 387.1233; m/z calc. for [C4gH40010]: 776.2622, [2M — H] m/z
found: 775.2544.

4.5.50. 4-(4-(3-Fluorophenethoxy)phenyD)-3-hydroxy-5-(3-
hydroxyphenyl)furan-2(5H)-one (8)

The compound was obtained according to General Procedure E.
Purification: flash column chromatography (cyclohexane/EtOAc 6:4).
Aspect: white solid. Starting reagents: ethyl 3-(4-(3-fluorophenethoxy)
phenyD)-2-hydroxyacrylate (17h), and 3-hydroxybenzaldehyde (18a).
Yield: 20 %. Mp: 187-191 °C. R¢: 0.46 (cyclohexane/EtOAc 6:4). FTIR
(ATR) v (cm™1) 3303, 2960, 2922, 1723, 1604, 1513, 1383, 1255, 839,
787, 692. 'H NMR (300 MHz, CD30D) 6 (ppm) 7.58 (d, J = 8.8 Hz, 2H,
Hio, H14), 7.27 (q, J = 7.8 Hz, 1H, Hyg), 7.16 (t, J = 7.8 Hz, 1H, Hjs),
7.12-6.97 (l’l’l, ZH, H25, Hzg), 6.96-6.65 (l’l’l, 6H, H11, H13, H15, H17, H]g,
Hy7), 6.17 (s, 1H, Hs), 4.16 (t, J = 6.6 Hz, 2H, Ha;), 3.04 (t, J = 6.6 Hz,
2H, Ha3). '3C NMR (75 MHz, Acetone-ds) 5 (ppm) 168.89 (Cs), 164.39
(C12), 161.16 (C1g), 158.96 (Cz), 141.51 (Ca4), 141.41 (Cg), 138.47
(Cg), 137.09 (C1), 129.93 (Cag), 129.27 (C10,C14), 128.06 (Cas), 124.97
(Ca9), 123.39 (Cy), 119.35 (Cy7), 116.31 (Cy5), 115.77 (Cy9), 115.49,
114.42 (C11,C13), 113.09 (C27), 80.20 (Cs), 67.98 (Ca1), 34.90 (C23).
HRMS (ESI-): m/z calc. for [C24H19FOs]: 406.1217, [M — H] m/z found:
405.1139.

4.5.51. 3-Hydroxy-5-(3-hydroxyphenyl)-4-(4-(3-phenylpropoxy)phenyl)
furan-2(5H)-one (9)

The compound was obtained according to General Procedure E.
Purification: flash column chromatography (cyclohexane/EtOAc 6:4).
Aspect: white solid. Starting reagents: ethyl 2-hydroxy-3-(4-(3-phenyl-
propoxy)phenyl)acrylate (17i), and 3-hydroxybenzaldehyde (18a).
Yield: 40 %. Mp: 158-160 °C. R¢: 0.45 (cyclohexane/EtOAc 6:4). FTIR
(ATR): v (cm™1) 3295, 3025, 2918, 1723, 1603, 1513, 1382, 1252, 839,
789, 700. '"H NMR (300 MHz, Acetone-dg) 5 (ppm) 7.65 (d, J = 9.0 Hz,
2H, H10; H14), 7.31-7.14 (m, 6H, H16, H17, H]g, H27, Hzg, Hzg),
7.06-6.74 (m, 5H, Hy1, His, Hys, Hag, Ha), 6.30 (s, 1H, Hs), 3.99 (t, J =
6.3 Hz, 2H, Hy1), 2.78 (t, J = 7.0 Hz, 2H, Hys), 2.14-1.92 (m, 2H,
CH»-CH,-CHo, partially overlapped with the solvent, Hy3). 3¢ NMR
(75 MHz, Acetone-dg) 5 (ppm) 169.01 (C3), 159.26 (Cy2), 157.80 (C13),
141.59 (Cgs), 138.51 (Cyp), 137.11 (Cs), 129.98 (C1), 129.26 (C19, C14),
128.38 (Cg6, C30), 128.29 (C27,C29), 128.10 (Cy6), 125.78 (Cas), 123.25
(Co), 119.35 (Cy5), 116.32 (C17), 114.46 (C19), 114.39 (C131, C13), 80.24
(Cs), 66.78 (Ca1), 31.74 (Ca4), 30.75 (Co3). HRMS (ESI-): m/z calc. for
[Ca5H2205]7: 402.1467, [M — H]” m/z found: 401.1390.
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4.5.52. 4-(4-Bromophenyl)-3-hydroxy-5-(3-(hydroxymethyl)phenyl)
furan-2(5H)-one (10)

The compound was obtained according to General Procedure E.
Purification: flash column chromatography (petroleum ether/EtOAc
7:3). Aspect: white solid. Starting reagents: ethyl 3-(4-bromophenyl)-2-
hydroxyacrylate (171), and 3-(hydroxymethyl)benzaldehyde (18b).
Yield: 28 %. Mp: 205 °C. R¢: 0.31 (petroleum ether/EtOAc 7:3). FTIR
(ATR) v (cm™) 3305, 2916, 2850, 1733, 1487, 1383, 1143, 1009, 796,
704. 'H NMR (300 MHz, CDs0D) 6 (ppm) 7.58-7.52 (m, 2H, Hs, Hs),
7.47-7.40 (m, 2H, Ha, He), 7.36-7.34 (m, 3H, Hys, Hyy, Hio), 7.31-7.25
(m, 1H, Hyg), 6.34 (s, 1H, Hyq), 4.57 (s, 2H, Hyp). '3C NMR (75 MHz,
DMSO-dg) 6 (ppm) 169.35 (Cy), 143.93 (Cy138), 139.85 (C14), 136.57 (Cg),
131.95 (Ca6), 130.18 (Cy), 129.60 (Cs, Cs), 129.11 (Cs), 127.86 (C16),
127.05 (Cq9), 126.91 (Cis5), 125.65 (Ci17), 121.99 (Cyp), 80.08 (C11),
62.89 (Cyp). HRMS (ESI-): m/z calc. for [C17H,3BrO4]: 359.9997, [M —
H]  m/z found: 358.9921.

4.5.53. 2-(3-(3-(4-Bromophenyl)-4-hydroxy-5-oxo-2,5-dihydrofuran-2-
yDphenoxy)acetic acid (11)

The compound was obtained according to General Procedure E.
Purification: crystallization from MeOH/hexane. Aspect: white solid.
Starting reagents: ethyl 3-(4-bromophenyl)-2-hydroxyacrylate (171),
and 2-(3-formylphenoxy)acetic acid (18c). Yield: 58 %. Mp: 230-232 °C
(dec.). Rg 0.20 (DCM/cyclohexane 8:2). FTIR (ATR) v (ecm™Y) 3208,
2920, 1729, 1589, 1489, 1382, 1160, 1073, 1009, 838, 794, 703. 'H
NMR (300 MHz, DMSO-d) & (ppm) 7.58-7.49 (m, 4H, Hy, Hs, Hs, He)
7.25 (t,J = 8.0 Hz, 1H, H;¢), 7.03-6.94 (m, 1H, Hy9), 6.94-6.82 (m, 2H,
His, H17), 6.49 (S, lH, Hu), 4.64 (S, 2H, H22). 13C NMR (75 MHz,
DMSO-dg) & (ppm) 170.41 (Cz3), 169.26 (Cg), 158.39 (C13), 139.76 (Cyg),
138.23 (C14), 131.96 (Cy, Cp), 130.58 (C7), 130.09 (C4), 129.60 (Cs, Cs),
127.07 (Ci16), 122.06 (C3), 120.47 (Cy5), 115.43 (C17), 115.06 (Cq9),
79.70 (Cq1), 64.92 (Cgz). HRMS (ESI-): m/z calc. for [CigH13BrOg]™:
403.9896, [M — H] m/z found: 402.9819.

4.5.54. 2-(3-(3-(4-Bromophenyl)-4-hydroxy-5-oxo-2,5-dihydrofuran-2-
yDphenoxy)acetonitrile (12)

The compound was obtained according to General Procedure E.
Purification: flash column chromatography (petroleum ether/EtOAc
7:3). Aspect: white solid. Starting reagents: ethyl 3-(4-bromophenyl)-2-
hydroxyacrylate (171), and 2-(3-formylphenoxy)acetonitrile (18d).
Yield: 20 %. Mp: 169-172 °C. R¢: 0.31 (cyclohexane/EtOAc 7:3). FTIR
(ATR) v (cm ™) 3289, 2923, 1738, 1588, 1488, 1384, 1291, 1159, 1009,
877, 837, 791, 702. 'H NMR (300 MHz, Acetone-dg) 6 (ppm) 7.65 (d, J
= 8.6 Hz, 2H, Hy, Hg), 7.53 (d, J = 8.6 Hz, 2H, Hs, Hs), 7.40 (t, J = 7.9
Hz, lH, H16), 7.26-7.05 (m, 3H, His, Hy7, H19), 6.46 (S, 1H, H11), 5.11 (S,
2H, Hay). '3C NMR (75 MHz, Acetone-dg) 5 (ppm) 168.47 (Co), 157.22
(C18), 139.47 (C14), 138.52 (Cg), 131.60 (Cy, Cp), 130.47 (C4), 129.78
(Cy), 129.38 (C3, Cs), 126.30 (Cy6), 122.04 (Cy), 122.00 (Cy5), 115.69
(C17),115.64 (Ca3), 114.91 (C19), 79.83 (C11), 53.44 (Co2). HRMS (ESI-):
m/z calc. for [C1gH12BrNO4]: 384.9950, [M — H]  m/z found: 383.9873.

4.6. GCI analyses

GCI analyses were performed using a Creoptix WAVE Grating-
Coupled Interferometry (GCI) instrument (Malvern Panalytical,
Wadenswil, Switzerland) controlled by a Creoptix WAVEcontrol soft-
ware (4.3.4 version). The running buffer was composed of 10 mM
HEPES, pH 7.4, 150 mM NaCl, with 1 % DMSO for kinetic analyses. A
constant flow rate of 10 pL/min (immobilization) or 50 pL/min (kinetic
analyses) was applied.

The human PPARy ligand binding domain (LBD) was covalently
immobilized on a 4PCH sensor chip functionalized with a high capacity
polycarboxylate layer. The immobilization was carried out by amine
coupling. The activation step was performed by injecting a mixture of
200 mM EDC and 50 mM NHS for 420 s. A 100 pg/mL PPARy solution in
20 mM sodium acetate buffer, pH 4.5 was injected (600 s) two times on
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one of the chip channels for the immobilization; a second channel was
used as a reference. Passivation of the unreacted groups on the chip
surface was achieved by a 300 s injection of 1 M ethanolamine, pH 8.0.

For kinetic analyses, a concentration range of 78.125 nM-10 pM was
considered, with a dilution factor of 2, an association time of 120 s and a
dissociation time of 180 s. A 5-point DMSO calibration curve was built
for each analysis in the concentration range 0.5 %-1.5 % DMSO.

4.7. Protein expression and purification

PPARy-LBD was expressed as an N-terminal His-tagged protein using
a pET-28a(+) vector and then purified as previously described [47].
Briefly, freshly transformed E. coli BL21(DE3) were grown in LB medium
with 50 pg mL ™! of kanamycin at 37 “C to an ODggp of 0.7. The culture
was then induced with 0.2 mM isopropyl-4-D-thio-galactopyranoside
(IPTG) and further incubated at 18 °C for 20 h. Cells were harvested and
resuspended in Buffer A (20 mM Tris, pH 8.0, 150 mM NaCl, 1 mM
TCEP, 10 mM imidazole, 10 % v/v glycerol) in the presence of protease
inhibitors (Complete Tablets EDTA-free; Roche Applied Science, Penz-
berg, Germany). Cells were sonicated, and the soluble fraction was
isolated by centrifugation. The supernatant was loaded onto a
nickel-NTA agarose bulk resin (ABT) and eluted with a gradient of
imidazole 10-300 mM in Buffer A (batch method). The pure protein was
identified by SDS-PAGE. The protein was dialyzed against buffer A to
remove imidazole, then the His-tag was cleaved using thrombin protease
(GE Healthcare, Chicago, IL, USA) at a ratio of 10 units/mg at room
temperature for 2 h. The digested mixture was reloaded onto a Ni?*-NTA
column to remove the cleaved His-tag and any undigested protein. The
flow-through was dialyzed against buffer B (20 mM Tris, pH 8.0, 1 mM
TCEP, 10 % v/v glycerol, 1 mM TCEP) and then loaded onto a
Q-Sepharose HP column (GE Healthcare) and eluted with a gradient of
NaCl 0-500 mM in Buffer B using a BioLogic DuoFlow FPLC system
(Bio-Rad Laboratories, Hercules, CA, USA). Finally, PPARy-LBD was
purified by gel filtration on a Superdex 75 column (GE Healthcare) and
eluted with Buffer C (20 mM Tris, pH 8.0, 1 mM TCEP, 0.5 mM EDTA).
For crystallization, the protein was concentrated at 8 mg mL ™! using
Amicon centrifugal concentrators with a 10 kDa cutoff membrane
(Millipore, Burlington, MA, USA).

4.8. Crystallization, data collection, and structure determination

Crystals of apo-PPARy-LBD were obtained by vapor diffusion at 20 °C
using a sitting drop formed by mixing 2 pL of protein solution with 2 pL
of reservoir solution (0.8 M Na citrate, 0.15 M Tris, pH 8.0). The crystals
were soaked for 3 days in storage solutions (1.2 M Na citrate, 0.15 M
Tris, pH 8.0) containing the ligand at a final concentration of 0.5 mM.
The ligand dissolved in DMSO (50 mM) was diluted in the storage so-
lution so that the final concentration of DMSO was 2.5 %. The storage
solution with glycerol 20 % (v/v) was used as a cryoprotectant. PPARy-
LBD crystallized in the space group C2; cell parameters are shown in
Table S1 of the Supporting Materials. X-ray data of PPARy-LBD in
complex with compound 11 were collected at 100 K under a nitrogen
stream using synchrotron radiation (beamline ID30A-3 at ESRF, Gre-
noble, France). The diffracted intensities were processed using the
software autoPROC [48]. Structure solution was performed with AMoRe
[49], using the coordinates of PDB ID 4YT1 as the starting model. The
coordinates were then refined with CNS [50,51] and PHENIX [52]
including data between 50.79 and 2.85 A. The statistics of crystallo-
graphic data and refinement are summarized in Table 4. The structure of
PPARy-LBD/11 complex was deposited in the Protein Data Bank with ID
9HX2.
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