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ABSTRACT

Metabolic syndrome (MetS) is a multifactorial disease cluster that consists of dyslipidemia,
cardiovascular disease, type 2 diabetes mellitus and obesity. MetS patients are strongly exposed
to polypharmacy, however, the number of pharmacological compounds required for MetS
treatment can be reduced by the application of multi-target compounds. This study describes the
design of dual-target ligands that target soluble epoxide hydrolase (SEH) and the peroxisome
proliferator-activated receptor type Y (PPARY). Simultaneous modulation of sEH and PPARYy can
improve diabetic conditions and hypertension at once. N-benzylbenzamide derivatives were
determined to fit a merged sEH/PPARy pharmacophore, and structure activity relationship
studies were performed on both targets, resulting in a sub-micromolar (sEH ICsy = 0.3 uM /
PPARY ECsy = 0.3 uM) modulator 14c¢. In vitro and in vivo evaluations revealed good ADME
properties qualifying 14¢ as a pharmacological tool compound for long term animal models of

MetS.
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INTRODUCTION

Metabolic syndrome (MetS) names a group of risk factors such as central obesity, atherogenic
dyslipidemia, insulin resistance and endothelial dysfunction that lead to arteriosclerotic
cardiovascular diseases (ASCVD) such as coronary heart disease, stroke, peripheral vascular
disease and type 2 diabetes (T2D).! In addition, patients affected by T2D develop long-term
microvascular complications. Two third of T2D patients suffer from neuropathic pain 2 and one
third of them develops diabetic nephropalthy.3 MetS has a very complex pathophysiology that is
only partially understood. Epidemiological evidence shows that the rising prevalence of MetS in
western societies is due to western lifestyle factors such as misbalanced, high caloric food intake;
sedentary lifestyle; and stress. To date, the first-line treatment of MetS that simultaneously
addresses all risk factors is a change in lifestyle, i.e., weight reduction, increased physical
activity and an anti-atherogenic diet.” Nevertheless, previously developed individual disorders
such as endothelial dysfunction and T2D cannot be completely reversed by this approach and
symptoms will worsen with advancing age. Therefore, patients who accumulate various risk
factors over time also accumulate quite a number of medications to separately treat each
disorder. Treatment of the MetS risk factors and follow-up diseases often require multiple drugs
leading to the phenomenon of polypharmacy. Here, the pharmacokinetic and pharmacologic
situation in patients reaches an unfavorable complexity, and unpredictable drug-drug interactions
can occur. In addition, medical compliance is at risk. While therapy costs rise, the probability for
medication errors increases.® In this situation, it is advisable to focus drug research on
compounds capable of treating more than one aspect of MetS. The advantages and drawbacks of
multi-target compounds have been exhaustively discussed; however, multi-target ligands

addressing more than one risk factor at once may find a reasonable application in this study.6
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Herein, we present a multi-target approach that involves the simultaneous modulation of soluble
epoxide hydrolase (sEH) and peroxisome proliferator-activated receptor y (PPARYy) for the
treatment of the MetS.

PPARY, a member of the PPAR nuclear receptor family, plays a key role in adipogenesis,
regulation of lipid metabolism and glucose homeostasis, as well as in anti-inflammatory
processes, and is therefore targeted in the treatment of T2D.” The physiological and
pathophysiological role of PPARY has been in focus of research for several decades, which has
been exhaustively reviewed.® Pharmacological activation of the receptor by thiazolidinediones
(TZDs) such as rosiglitazone and pioglitazone induces beneficial effects on insulin action and
blood-glucose levels. However, the clinical use of TZDs is limited because of excessive weight
gain, fluid retention and increased risk of osteoporosis in treated patients. Treatment with
rosiglitazone led to an increase in cardiovascular complications as indicated by meta-analysis of
clinical trials.’ Troglitazone was withdrawn from the market due to hepatotoxicity, and
pioglitazone seems to trigger bladder cancer.” Another drawback is the poor effect of TZDs on
the occurrence of macrovascular events, although the equilibration of blood glucose levels
reduces microvascular complicaltions.10 In this context, it is important to mention that some of
the adverse events that were observed with TZD, such as cancer development and hepatotoxicity,
seem to be a characteristic of single compounds rather than a class-specific phenomenon.11

The second target chosen in this study is the soluble epoxide hydrolase (sEH), which is
abundantly expressed in adipose tissue and whose expression and activity increases with
obesity.'”” sEH is an enzyme of the arachidonic acid cascade, promoting the hydrolysis of
cytochrome P450 derived epoxyeicosatrienoic acids (EETs) to their less bioactive corresponding

diols, the dihydroxyepoxyeicosatrienoic acids (DHETS)." Through sEH inhibition, EET levels
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are increased. Endothelial cell-derived EETs activate calcium-activated-potassium channels on
smooth muscle cells, leading to hyperpolarization and vascular relaxation.'* Numerous studies
show EET-derived effects on various MetS associated disorders such as cardiovascular disease
(CVD), dyslipidemia, neuropathy and nephropathy.15 Recent studies have shown improved
angiogenesis by endothelial progenitor cells derived from patients with acute myocardial
infarction through sEH inhibition and subsequent activation of PPARy by accumulating EETs,

1617 I this context, it is

indicating a significant degree of crosstalk between PPARYy and sEH.
remarkable that PPARa and PPARy agonists induce sEH expression.'” Furthermore, the
impaired functionality of pancreatic islet B-cells is one of the underlying mechanisms that cause
T2D. In this context it was shown that sEH inhibition can prevent hyperglycemia and augment
islet glucose stimulated insulin secretion in diabetic mice, and sEH- knock-out mice displayed
attenuated islet cell apoptosis in STZ-induced diabetes.'®

Because there is an unmet medical need for safer PPARy modulating drugs that possess
additional cardio and kidney protective properties, the combination of PPARY agonism with sEH
inhibition in one compound might be beneficial for the treatment of T2D. The main side effect of
known PPARY activators is water retention, which results in weight gain and edema. Fortunately,
sEH inhibition and EETs are natriuretic and positively influence water and electrolyte
homeostasis." Imig et al. previously showed in spontaneously hypertensive obese (SHROB) rats
that combination therapy using an sEH inhibitor (t-AUCB) and a PPARY agonist (rosiglitazone)
lowered blood pressure and reduced systemic glucose, TG and FFA. The study also
demonstrated the renoprotective effects of the regiment by showing that it attenuated renal

injury. Remarkably, an additional positive synergistic effect of the combination compared to the

single SEH/PPARy therapies was also reported.”” These experiments motivated us to investigate

ACS Paragon Plus Environment



©CoO~NOUTA,WNPE

Journal of Medicinal Chemistry

the potential of dual sEH/PPARy therapeutics. Recently, we presented the in vitro proof of
principle for sEH/PPARYy dual modulation.”' However, to achieve in vivo application capability,
these compounds needed improvement. In this study, the optimization process and its evaluation

were explored.
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DESIGN OF A MERGED sEH/PPARy PHARMACOPHORE

The identification of a common pharmacophore is a challenging task in the design process of
dual modulators. GlaxoSmithKline published in 2011 a PPARy agonist (R)-1-((3,5-
difluoropyridin-2-yl)methyl)-2-methyl-N-(1-phenylpropyl)-1H-benzo[d]imidazole-5-

carboxamide (GSK1997132B) without the commonly used acidic head group, for blood-brain
barrier penetration reasons (Figure 1).” The binding-mode of the co-crystallized ligand indicates
that a benzylamide moiety is able to replace the acidic head group while retaining full agonist
properties of the ligand. Almost all reported sEH inhibitors are epoxide mimetics, containing a
urea or an amide structure as pharmacophore. In this situation the benzylamide structure would
represent a merged pharmacophore for sSEH and PPARY, which is the best starting point in dual
ligand design. Several benzylamides were reported as sEH inhibitors, the most advanced
compound of this study is (N-({4-bromo-2-[(trifluoromethyl)oxy]phenyl } methyl)-1-[4-methyl-6-
(methylamino)-1,3,5-triazin-2-yl]-4-piperidinecarboxamide) (GSK2188931B, Figure 1).> Based
on the reported SAR, we adapted the ortho trifluoromethyl benzyl substitution important for
inhibitory activity on sEH and metabolic stability of the compounds. Finally, several studies
describe N-benzylbenzamides as PPARa, PPARY, PPARO or pan-agonists, represented by KCL
(Figure 1).>** These compounds exhibit the classical PPAR binding mode, with the acidic head
group responsible for the interaction with helix 12 and receptor activation. Nevertheless, this
information motivated us towards molecular design, using the N-benzylbenzamide moiety as a

merged pharmacophore.

SYNTHESIS

Synthetic routes to all investigated N-benzylbenzamide derivatives are shown in Schemes 1

and 2. a-Substituted N-benzylbenzamide propionic acids (1c-19¢) were prepared in 4 steps.
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Some of the N-benzylbenzamide ethyl cinnamates (la-19a) were also hydrolyzed to their
corresponding N-benzylbenzamide cinnamic acids (1d-19d) in order to extend the structure-
activity data.

The synthesis of N-benzylbenzamide propionic acids (1e-19¢) (Scheme 1) started with the
activation of either 4-formylbenzoic acid or 3-formylbenzoic acid with isobutyl chloroformate
(IBCF) in DCM under dry basic conditions, followed by the addition of various 2- or 2, 4-
substituted benzylamines to produce 1-15.%° Compounds 1-15 were subsequently turned into
their corresponding N-benzylbenzamide ethyl cinnamate derivatives (la-15a) by a Wittig
reaction, using triethyl 2—ph0sphonobutyrate.27 Using the same reaction type, 4 different o-
substituents (hydrogen, methyl, propyl and phenyl) were introduced to the N-benzylbenzamide
cinnamate scaffold, while the benzylamine fragment was kept constant at 2-trifluoromethyl
substitution (16a-19a). All o,B-unsaturated carbonyl compounds (la-19a) were reduced with
palladium on carbon catalyst in dry EtOH under hydrogen atmosphere to maintain the N-
benzylbenzamide ethyl propanoates (1b-19b).”” The deprotection of either the N-
benzylbenzamide cinnamate (la-19a) or the N-benzylbenzamide propionate (1b-19b) to their
corresponding acids 1d-19d and 1c¢-19¢, was carried out by a microwave reaction under basic
conditions with a solvent mixture of MeOH/H,O/THEF in the ratio 1/2/ 1.2

The a,B-cyclopropane derivative 22 was synthesized in 3 steps (Scheme 1).%’ Starting with a
Wittig reaction of 1 and N-methoxy-N-methyl(triphenylphosphoranylidene)acetamide
intermediate 20 was obtained. 21 was synthesized by a Corey-Chaykovsky reaction. A basic
deprotection was peformed in an EtOH/H,0 solvent mixture.*

The biphenyl ortho- and meta- benzoic acid derivatives 24 and 25 were synthesized in a two-

step route shown in Scheme 2. In the first step 4-iodobenzoic acid was activated by EDC under
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DMAP catalysis and combined with 2-trifluoromethylbenzylamine to compound 24 which was
subsequently coupled with 4-carboxy as well as 3-carboxybenzenboronic acid under Suzuki

conditions™ to yield the desired biphenyl acid derivatives 24 and 25.

©CoO~NOUTA,WNPE

Tetrazole 27 was also produced in a two-step synthesis (Scheme 2). The nitrile intermediate 26
13 was prepared under the same conditions as compound 23. For the tetrazole synthesis NaN3; and

15 NH,CI in DMF were used.*
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RESULTS & DISCUSSION

Based on the previously described hypothesis a series of diverse compounds with an acidic
head group (24, 25) or a bioisostere (20, 21, 27) were synthesized. After the reintroduction of the
acidic head group and extension of the aromatic core a new set of two isomeric compounds was
prepared (24, 25). The sEH inhibition dropped almost one order of magnitude from 0.17 uM to 1
uM, by switching the acidic head group from para to meta position. The para position of the
acidic head group seems to fit more properly in the lipophilic tunnel-shaped sEH binding
pocket.33 PPARYy activation of the para and meta derivatives at a concentration of 10 uM was
around 30 % (compared to 1 uM pioglitazone), indicating that acidic functionality or at least an
H-bond acceptor is still necessary for full PPARy activation. In 27 the core fragment was
reduced to one aromatic ring, and the carboxylic acid was replaced by a tetrazole bioisostere.
These changes caused a loss of PPARy activation and sEH inhibition in the micromolar range
(ICso = 5 uM) was achieved (Table 1). To improve the PPARy activation without exhaustive
expansion of molecular weight, the introduction of the a-substituted propionic acid analygous to
KCL (Figure 1) has been employed. As mentioned in the synthesis paragraph, 4 types of
carbonyl derivatives were produced for each substitution pattern. In the first quartet (la-d), a
potent modulator, with full agonistic PPARY properties and single digit micromolar potency both
on sEH and PPARgamma, was found (1¢) (Table 2). In this structural class, sEH inhibition
improved by one order of magnitude from acid to ester derivative, which can be explained by the
mainly lipophilic SEH binding site. Except of 1a, all derivatives of this series showed similar
activity on PPARY.

A set of central meta substituted isomers (15a-d) showed no improvement of activities

compared with the para congeners (Table 2). Also, compound 15¢ showed loss of PPARYy
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selectivity over other PPAR subtypes. Potency on both targets in a low micromolar range, small
molecular weight, PPARy subtype selectivity and reasonable water solubility under assay

conditions qualified compound 1c as a good starting point for pharmacological profiling.

Compound 1c¢ did not impair cell viability of HepG2 cells up to a concentration of 30 uM,
indicated by the WST-1 alssaly.34 In Spargue-Dawley rat liver microsomes the in vitro metabolic
stability of compound 1c¢ has been determined and after 1 h ~ 92 % of 1¢ remained intact (see
Supporting Information, Figure S6a). PPARY activation by 1¢ was evaluated in different cellular
systems by measuring the effect on adipocyte differentiation. The capability of 1c to trigger
adipocyte differentiation in murine 3T3-L1 fibroblasts and human primary preadipocytes was
determined and compared to rosiglitazone (PPARy agonist) and N-cyclohexyl- N'-iodophenyl
urea (CIU, sEH inhibitor).3 > In 3T3-L1 fibroblasts, a dose-dependent effect (1 — 10 uM) of 1¢ on
adipocyte differentiation could be demonstrated (Figure 2a). Differentiated adipocytes were
visualized using Oil-Red O staining. At a 10 uM concentration of 1l¢ a lower amount of
adipocytes accumulated lipids compared to a 2 uM concentration of rosiglitazone. Surprisingly
CIU was also able to start adipocyte differentiation with no direct PPARy activation. A
hypothesis to this phenomenon is the subsequent PPARY activation through an EET — PPARYy
pathway.36 In human adipocytes, a similar effect of 1c was observed (see Supporting
Information, Figure S2). By Oil-Red O staining, a dose dependent (1 — 10 uM) effect to the
adipocyte differentiation was determined, which was also lower compared to 2 uM rosiglitazone.
In contrast to murine 3T3-L1 fibroblasts, CIU was not able to start differentiation in human
adipocytes, which could be explained by the decreased inhibitory activity of CIU at human

sEH.*” In addition, the expression of four PPARY target genes (GLUT4, glucose transporter type
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4; Adiponectin, FABP4, fatty acid binding protein 4, LPL, lipoprotein lipase) in the
differentiated murine and human adipocytes were determined by qPCR analysis as a measure of
target activation.™ In murine 3T3-L1 fibroblasts (Figure 2b) lc dose-dependently activated
expression of all target genes analysed. At a concentration of 10 uM 1¢ showed a slightly lower
expression of all 4 PPARY target genes compared to the rosiglitazone (2 uM) control. In human
adipocytes the effect of 1¢ on the PPARY target expression was more diverse (see Supporting
Information, Figure S3). Here, the upregulation of the GLUT4 expression at a 1¢ concentration
of 10 uM was comparable to the rosiglitazone (2 uM) control. In contrast, Adiponectin, FABP4
and LPL showed only minor effects in the upregulation caused by 1c¢ stimulation. The diverse
effects of 1¢ on the expression of the PPARY target genes will need more detailed research. It is
known that certain PPARY agonists can selectively transactivate a number of PPARY target genes
while sparing others. The physiological consequence of this is not completely understood yet and
is subject of intensive research.

Based on this favourable in vitro profile, two in vivo PK/PD studies were carried out in mice.
To achieve a prodrug effect, compound 1b, the ethyl ester derivative of 1¢, was characterized in
vivo. After a single oral application of 30 mg/kg bodyweight (bw) to 9 (RijOrl: SWISS / CD-1)
mice (gavage) 1b was not detected in the plasma of the animal at all time points indicating rapid
ester hydrolysis. The corresponding acid (1¢) appeared in plasma with Cyx = 787 ng/ml (~ 2
uM) after 0.5 h (tmax), AUC ¢ = 4026 ng*h/ml, Cl/f = 7.5 I/h*kg and V,/f = 54.3 l/kg (see
Supporting Information, Figure S4). Recently it was shown that PPARY activation in the CNS is
involved in the increased weight gain associated with marketed PPARY activators by controlling
food intake and energy expenditure.”® Therefore, to establish the blood-brain-barrier diffusion

capacity of 1c its concentration was determined in the brains of mice. Here, the concentration of
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1c did not exceed 30 ng/g brain tissue (see Supporting Information, Figure S5). This led to the
assumption that 1¢ only poorly penetrates the blood-brain-barrier. Unfortunately, a Cp,x = 787
ng/ml of 1c after 30 mg/kg dosing of 1b was lower than the in vitro activity values of 1c. Thus,
the second PK/PD study in mice with per oral application of 30 mg/kg bw of 1c¢ (the acidic
derivative of 1b) to 9 (RijOrl: SWISS / CD-1) mice (gavage) was performed. 1c reached a
maximum concentration in the mouse plasma of 7200 ng/ml (~ 20 uM) after 0.5 h (tmax), Which
is one order of magnitude higher than the Cp, of 1c¢ after the oral administration of 1b and
almost one order of magnitude higher than the in vitro ECs values on both targets (Figure 4a).
All pharmacokinetic profiles were also improved (AUC o, = 15847 ng*h/ml, Cl/f = 1.9 I/h*kg,
V. /f = 8 1/kg).

The EET to DHET ratio in plasma gives direct information about the effectivity of sEH
inhibition."? 8 h after application of 1¢ to the mice the plasma EET/DHET ratio increased by at
least 2-fold (Figure 3b). For determination of PPARY activation in vivo, the expression of the
PPARYy target gene CD36 in liver tissue of the treated mice was quantified by qPCR analysis.
The expression increased by at least 2-fold compared to non-treated mice (Figure 3a). In vitro
and in vivo characterization of 1l¢ was suboptimal, with capacity to improve in potency and
bioavailability. Therefore the following SAR study was conducted.

We explored the SAR of a-substituted benzylbenzamide propionic acid derivatives having in
mind the application in an animal model of metabolic syndrome. Thus, two main optimization
criteria have been identified. The first aim was the improvement of water solubility to fit a long
term drinking water application. The second aim was to achieve sufficient potency in a
concentration range below the steady state concentration in plasma. The substitution at the o-

position of the carboxyl function plays a key role in PPARY activation, assuming the classical
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PPAR binding mode.*’ Based on that knowledge the first variations of the compound were
modifications of the a-ethyl group. Neither the reduction to methyl or complete removal of the a-
substituent nor the extension to propyl or phenyl substitution showed any major effects on
PPARY activation (Table 3). We interpret these SAR as a possible indication of the alternative
binding mode to PPARy accommodated by this compound series. An a,3- cyclopropyl derivative
22 showed no enhanced potency on any target. The synthesis path of 22 yielded certain non-
acidic pre-stages (21, 22; Table 1) which were evaluated on the two investigated targets. As
expected, they showed good inhibitory potency towards sEH in a double-digit nanomolar range.
Surprisingly, compound 21 with a similar scaffold as 22, however lacking an acidic moiety,
showed a slightly higher activation of PPARY. This again led to the assumption of a minor role
of the acidic head group and the possible appearance of an alternative binding mode.
Subsequently, variations on the ortho position of the benzyl ring were investigated (2b-6¢)
(Table 4). Notably, a substituent in this position is additionally important for the metabolic
protection of the amide and the reactive benzyl methylene. The -CF; group was substituted by -
H, -CH3;, -Cl, -Br and -OCF;3, which all lead to a loss of potency. Only the -OCF;5 ester derivative
(6b) showed a marginal sEH inhibition improvement. With the absence of an ortho substitution
sEH inhibition almost vanished and PPAR activity dropped for nearly one order of magnitude.
This highlights the importance of the ortho -CF5 substitution. Next group of derivatives (7b-11c)
(Table 4) were prepared to investigate the influence of the para substitution of the benzyl
moiety. With the introduction of sterically demanding groups (-CF3, -OCF; and -O-phenyl) in
the para position of the benzyl-ring the PPARYy subtype selectivity got lost and no major
improvements on PPARy were accomplished. The activation of the PPARa subtype by

introduction of larger moieties in the para benzyl-ring position on similar scaffolds can also be
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found in literature, but mostly without effects on PPARYy activation.”* Nevertheless, the para -O-
phenyl derivative (12¢) showed, as only compound in this study, full activation of both, PPARa
and PPARY subtypes. 12¢ also reached the highest PPARY potency, with an ECsy of 0.3 uM and
a peak activation of 181 % compared to 1 uM pioglitazone. The sEH inhibition decreased one
order of magnitude for all para substituted derivatives lacking an ortho substituent. 12¢
represents a good PPARo/y dual agonist, however it lacks appropriate SEH inhibitory potency.
The use of smaller substituents at the benzyl para position (-F, -O-CHj3, -Cl) did not improve the
potency on either one of the targets, but kept PPARY subtype selectivity. In the next step ortho,
para combined substitution pattern of the benzyl moiety was created (13b-14c¢) (Table 4). The
impact of the benzyl-ring ortho -CF; substitution has already been explored. As para substitution
partner in this combination -F and -OCH; were chosen, referring to their subtype selective
activation on PPARy in the previous data. For the -OCHj3 substituent an increase in water
solubility was also assumed. The ortho -CFs, para -F substitution pattern improved subtype-
selective PPARY activation, but had no enhancing effect on sEH inhibition. With compound 14c¢
(ortho -CF3, meta -O-CH3) potency on both targets got improved by almost one order of
magnitude (SEH ICsp = 0.3 uM, PPARY ECsp = 0.3 uM / 160 %). The full PPARY activation by
the ester 14b could be an indication for ester hydrolysis in the cellular system. Therefore we
measured the hydrolysis rate of 14b and detected almost 50% conversion towards 14¢ in the
supernatant of COS7 cells (Figure S1). Furthermore we measured the direct interaction of 14b
and 14c¢ with PPARy LBD using differential scanning fluorimetry.*' While 14c was able to
stabilize PPARy LBD comparable to the full agonist rosiglitazone, 14b did not exhibit any

stabilization effect (Figure S9).
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Submicromolar potency on both targets and improved solubility of 14¢ motivated us to
perform a second pharmacological profiling. Driven by structural similarities the impact of
compound 1c and 14c¢ on free fatty acid receptor 1 (FFAI, formerly GPR40) activation was
determined. FFA1 or GPR40 is a receptor relevant for pancreatic -cell insulin secretion. The
partial agonistic effect, shown in supporting information (Figure S7, S8), is assumed to be
secondary in the pathogenic interference. Compound 14c¢ did not impair cell viability of HepG2
cells up to a concentration of 30 uM, indicated by the WST-1 assay. After 1 h incubation of 14¢
with Spargue-Dawley rat liver microsomes ~ 96 % of the compound remained intact (Supporting
Information, Figure S6b). A PK study in mice with oral application of 30 mg/kg bw of 14¢ to 9
(R1jOrl: SWISS / CD-1) mice (gavage) was performed. 14¢ exhibited a superior pharmacokinetic
profile compared to 1¢ (Cyax = 29145 ng/ml; AUC ¢, = 94412 ng*h/ml, Cl/f = 0.3 I/h*kg, V. /f
=2 1/kg).

In a 2-week in vivo pharmacokinetic study in 6 mice, with drinking water application of 14¢ (30
mg/kg bw), a final plasma concentration of 986 + 363 ng/ml (~ 3 £ 1.1 uM) was achieved
(Figure 4b). Quantitative PCR analysis of the mouse livers after 2 weeks of treatment showed an
upregulation of PPARa and PPARY as well as the PPARY target genes sEH, CD36, PGC-1a and
LXRa. Interestingly, the LXRa regulated target genes apolipoprotein E (ApoE) and the
cholesterol transporter ABCA1 were not upregulated (Figure 4c¢). sEH levels were also slightly
increased as expected for a PPARYy agonist. As the plasma concentration of 14¢ was one order of
magnitude higher than the in vitro sEH ICsy and PPARy ECsq values and in vivo efficacy could
be demonstrated, the compound 14c¢ qualifies as a pharmacological tool for diabetic animal

models.
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CONCLUSION

This study was able to create a series of well characterized sEH/PPARy dual modulators.
Along a hit (1¢) to lead (14c¢) compound development, potency and PK/PD parameters were
improved. Information about drug-target interaction properties for sEH and PPARY has also been
generated. A clear trend of improved sEH inhibition by non-acidic derivatives can be recognized.
This phenomenon fits the common knowledge about the character of the sEH binding-pocket.
The preferred placement of an acidic head group at the para position of a lipophilic linear shaped
molecule (24) compared to a side-facing acidic head group (25) is consistent with previous
studies.”” The importance of an ortho -CF;3 group, at the benzyl moiety, for sEH inhibition and
metabolic stability, at this particular type of scaffold, has also been explored by Thalji et al.” In
case of PPARy activity values, no clear preference of carboxylic acid derivatives can be
recognized due to the hydrolytic activity of COS7 cells. Comparing this work with the research
done on N-benzylbenzamides as PPAR agonists, a difference in the activity profiles can be
recognized. However, the introduction of sterically demanding moieties in the para position of
the benzyl ring caused a shift in the activity profile analogous to KCL. It was shown that the
space for structural variations to fulfill the desired aims of this project is rather tight. Figure 5
summarises the SAR of N-benzyl benzamides as dual sEH/PPARY modulators.

Compound 14c¢ is a pharmacological tool with interesting features for the investigation as
experimental agent to treat the metabolic syndrome. There are high expectations on the
sEH/PPARY combinational therapy of diabetes mellitus type 2. The advantages of multi-target
therapeutics have been broadly discussed by Peters.* Imig et al. have already shown that the
combined application of rosiglitazone (PPARY agonist) and t-AUCB (sEH inhibitor) produce a

positive synergistic effect on kidney injury in spontaneous hypertensive obese (SHROB) rats.?’
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In this context, compound 14¢ could be valuable for preclinical investigation of the simultaneous
modulation of the sSEH/PPARY axis in MetS.

One of the shortcomings of certain single PPARy agonists, especially TZDs, is the frequently
observed sodium and water retention. This effect can be dangerous to patients with congestive
heart failure.** sEH and EETs are natriuretic and auxiliary to maintain fluid and electrolyte
homeostasis. Although safe approved diuretics are available, dual sSEH/PPARy modulators could
solve this problem without the neccesity of additional therapeutic agents. Inferentially, the
combination of a PPARy agonist with a sEH inhibitor might overcome existing side effects by

keeping the beneficial features as well as extending them with new ones.

ACS Paragon Plus Environment

Page 20 of 84



Page 21 of 84 Journal of Medicinal Chemistry

©CoO~NOUTA,WNPE

EXPERIMENTAL SECTION

Chemistry

General. All educts, reagents and solvents were purchases from the companies Alfa-Aesar
GmbH & Co KG (Karlsruhe, Germany), Sigma-Aldrich Chemie GmbH (Hannover, Germany),
Apollo Scientific Ltd (Manchester, England), JRD Fluorochemicals, Ltd. (Surrey, England) and
used without further purification. The companies guaranteed purity above 97 %. TLC was
performed by silica coated aluminum foil (particle size 60 um) purchased from Merck KGaA
(Darmstadt, Germany). For purification of synthesized compounds an Intelli Flash 310
Chromatograph by the firm Varian Medical Systems Deutschland GmbH (Darmstadt, Germany).
Two kinds of packed columns have been used: SF25-80g and SF25-60g, both loaded with silica
gel (particle size 50 um) and also purchased from firm Varian Medical Systems Deutschland
GmbH (Darmstadt, Germany). 'H (250/400 MHz) and "*C (64 MHz) were measured on DPX250
and AV400 nuclear magnetic resonance spectrometer from Bruker (Karlsruhe, Germany). All
spectra were analyzed with the TopSpin software from Bruker (Karlsruhe, Germany).
Tetramethylsilane was used as internal standard. DMSO-ds and methanol-d; were used as
solvents. HPLC and mass analyses were performed by a LCMS 2020 from Shimadzu (Duisburg,
Germany), under the use of a MultoHigh 100 RP 18, 3 pu, 100 x 2 mm column from CS
Chromatography-Service GmbH (Langerwehe, Germany). Eluation was maintained by an
acetonitrile / water gradient from 20 - 75 %. The electron spray ionization produced positive (+)
as well as negative (-) spectra and the UV chromatogram measured two wavelengths (A= 254
und 280 nm). High resolution mass spectroscopy was performed by a Thermo Scientific MALDI

LTQ ORBITRAP XL. All final compounds had a purity > 95 % as determined by HPLC.
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General procedure for the preparation of the compounds 1-17, using the example of 4-
formyl-N-(2-(trifluoromethyl)benzyl)benzamide (1). 1 g (6.7 mmol) 4-formylbenzoic acid, 0.9
ml (6.7 mmol) triethylamine and 1 ml (7.3 mmol) isobutyl chloroformate were solved in 30 ml
chloroform at 0 °C under an argon atmosphere. After 1 h 0.9 ml (6.7 mmol) 2-
(trifluoromethyl)benzylamine was added. The solution was allowed to warm to room
temperature and stirred for 12 h. The reaction mixture was washed three times with each 20 ml
of 2 M HCI solution, 20 ml of 1 M NaOH solution and one time with 20 ml of brine. The organic
layer was dried over MgSO, and the solvent was removed under reduced pressure. The crude
product was recrystallized from an ethyl acetate/hexane (EE/Hex) mixture. A white solid
remained. Yield: 1.43 g (70 %); '"H NMR (DMSO-ds, 8): 10.17 (s, 1H, Ph,—CHO), 9.38 (t, J =
5.9 Hz, 1H, Ph;-OCNH), 9.08-8.19 (m, 4H, CHO-Ph,), 7.83-7.52 (m, 4H, OCNH-CH,-Ph,),
4.75 (d, J =5.6 Hz, 2H, Ph;-OCNH-CH;). MS-ESI: m/z 342 [M+CI].

General procedure for the preparation of the compounds (1a-19a), using the example of
ethyl (E)-4-[N-((2-(trifluoromethyl)benzyl)benzamide]-alpha-ethylcinnamate (1a). To a
solution of 156 mg (6.5 mmol) NaH in 5 ml dry THF under an argon atmosphere at 0 °C was
added slowly 1.2 ml (4.9 mmol) triethyl 2-phosphonobutyrate. After 30 min a solution of 1 g (3.3
mmol) of 4-formyl-N-(2-(trifluoromethyl)benzyl)benzamide (1) in 10 ml dry THF was added to
the reaction mixture and stirred for 2 h. To quench the reaction 25 ml water were used. The
resulting mixture was diluted with 10 ml EE. The organic layer was washed three times with
brine and dried over MgSQO,4. The solvent was evaporated under reduced pressure. After
recrystallization from EE/Hex a white solid remained. Yield: 0.92 g (70 %); '"H NMR (DMSO-
ds, 0): 9.25 (t, J = 5.8 Hz, 1H, Ph,-OCNH), 8.09-7.38 (m, 8H, OCNH-Ph;+Ph;-OCNH-CH>-

Phy), 7.67 (s, 1H, OCNH-Ph,-CH), 4.74 (d, J = 5.4 Hz, 2H, Ph;-OCNH-CH,), 4.30 (q, J = 7.1
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Hz, 2H, C-COO-CH,), 2.40 (q, J/ = 6.9 Hz, 2H, CH-C-CH,), 1.36 (t, J = 7.06 Hz, 3H, COO-CH>-
CH3), 1.18 (t, J = 7.38 Hz, 3 H, C-CH,-CH3); "C-NMR (DMSO-dj, 3): *C-NMR (DMSO-ds, §):
169.4, 167.3, 136.9, 136.5, 136.3, 135.8, 135.7, 131.5, 129.4, 128.8, 128.4, 127.3, 126.3, 125.1,
125, 124.9, 124.1, 60.5, 40.2, 23.7, 13.3, 10; HRMS: measured m/z [M+H]" 405.1550
(theoretical: 405.1551).

General procedure for the preparation of the compounds (1b-19b), using the example of
Ethyl 2-ethyl 3-[4-(N-((2-trifluoromethyl)benzyl)benzamide)]propanoate (1b). 250 mg
(0.617 mmol) 1a and 9.8 mg (0.1 mmol) palladium on carbon were suspended in dry ethanol and
stirred under hydrogen atmosphere for 12 h. Reaction mixture was filtered over celite and the
solvent removed under reduced pressure. Without further purification clear resinous oil occurred.
Yield: 0.2 g (90 %); "H NMR (DMSO-ds, 5): 9.10 (t, J = 5.8 Hz, 1H, Ph,-OCNH), 7.91-7.34 (m,
8H, OCNH-Ph;+Ph;-OCNH-CH,-Ph,), 4.71 (d, J = 5.5 Hz, 2H, Ph;-OCNH-CH), 4.11-4.01 (m,
2H, CH-COO-CH,), 2.97-2.83 (m, 2H, Ph;-CH,), 2.73-2.64 (m, 1H, Ph;-CH,-CH), 1.65-1.56
(m, 2H, Ph;-CH,-CH-CH,), 1.14 (t, J/ = 6.6 Hz, 3H, COO-CH,-CH3), 0.93 (t, J/ = 7.4, 3H, CH-
CH,-CH3); "C-NMR (DMSO-ds, 8): 175.5, 168.8, 143.8, 137, 132.6, 132.04, 131.9, 128.2,
127.1, 127, 125.7, 125.6, 125.5, 125.4, 124.9, 60, 49, 39.8, 37.7, 25.2, 13.2, 10.5; HRMS:
measured m/z [M+H]" 408.1781 (theoretical: 408.1781).

2-Ethyl 3-[4-(N-((2-trifluoromethyl)benzyl)benzamide)]propionic acid (1c). Yield: 0.06 g
(60 %); "H NMR (DMSO-ds, 3): 12.2 (s, COOH), 9.10 (t, J = 5.9 Hz, 1H, Ph,-OCNH), 7.93—
7.36 (m, 8H, OCNH-Ph;+Ph;-OCNH-CH,-Ph,), 4.72 (d, 2H, J = 5.6 Hz, Ph;-OCNH-CH,), 2.98—
2.78 (m, 2H, CH,-CH-CH>), 2.59-2.50 (m, 1H, Ph;-CH,-CH), 1.64—1.53 (m, Ph;-CH,), 0.94 (t, J

= 7.4 Hz, CH-CH,-CH3). "C-NMR (DMSO-ds, 8): 177.6, 168.9, 144.1, 137.1, 132.1, 131.9,
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128.8, 128.1, 127.0, 127.4, 125.7, 125.6, 125.5, 125.4, 122.8, 49.0, 39.8, 37.6, 24.9, 10.5;
HRMS: m/z 380.1469 (theoretical: 380.1468).

General procedure for the preparation of the compounds (1d-19d and 1c¢-19c¢), using the
example of (E)-4-[N-((2-Trifluoromethyl)benzyl)benzamide]-alpha-ethylcinnamic acid
(1d). 100 mg (0.2 mmol) Ethyl (E)-4-[N-((2-Trifluoromethyl)benzyl)benzamide]-alpha-
ethylcinnamat (1a) and 69 mg (1.2 mmol) were solved in 2 ml of a mixture THF/H,O/MeOH in
the ratio 1:2:1 and stirred in a microwave for 30 min at 70 °C and 35 watt. The organic layer was
removed under reduced pressure. The aqueous layer was diluted with 1 ml H,O, acidified with
12 M HCI solution and stored at 4 °C. The pure product precipitated and no further purification
was needed. Yield: 0.06 g (60 %); '"H NMR (DMSO-dg, 6): 12.71 (s, 1H, COOH), 9.24 (t,J=5.9
Hz, 1H, Ph,-OCNH), 8.06-7.47 (m, 9H, OCNH-Ph;+Ph;-OCNH-CH,-Ph,+Ph;-CH), 4.74 (d, J =
5.2 Hz, 2H, Ph;-OCNH-CH,), 2.51 (q, J = 8 Hz, 2H, CH-C-CH,), 1.17 (t, J = 7.5 Hz, 3H, C-
CH,-CH3); *C-NMR (DMSO-ds, 8): 169.8, 168.4, 139.3, 137, 136.7, 133.5, 132.1, 128.9, 128.3,
127.9, 127.7, 127.3, 127.1, 127, 126.9, 125.7, 125.6, 40.0, 20.4, 12.8; HRMS: measured m/z
[M+H]" 378.1312 (theoretical: 378.1313).

4-Formyl-N-(benzyl)benzamide (2). Yield: 0.99 g (68 %); "H NMR (DMSO-dg, 6): 10.1 (s,
1H, Ph;-CHO), 9.27 (t, J = 5.9 Hz, 1H, Ph;-OCNH), 8.11-7.99 (m, 4H, CHO-Ph,), 7.37-7.23
(m, 4H, OCNH-CH,-Ph,), 4.52 (d, J = 5.8 Hz, 2H, Ph;-OCNH-CH,). MS-ESI: m/z 240 [M+H"].

Ethyl (E)-4-[N-benzylbenzamide]-alpha-ethylcinnamate (2a). Yield: 0.92 g (65 %); 'H
NMR (DMSO-dg, 8): 9.12 (t, J = 6.1 Hz, 1H, Ph,-OCNH), 7.98-7.21 (m, 9H, OCNH-Ph;+Ph;-
OCNH-CH;-Phy), 7.33 (s, 1H, OCNH-Ph;-CH), 4.50 (d, J = 5.7 Hz, 2H, Ph;-OCNH-CH,), 4.23
(q, J = 7 Hz, 2H, C-COO-CH,), 2.41 (q, J = 7 Hz, 2H, CH-C-CH,), 1.30 (t, J = 7.8 Hz, 3H,

COO-CH,-CH3), 1.12 (t, J = 7.3 Hz, 3 H, C-CH,-CH3); *C-NMR (DMSO-dj, 8): 167.5, 165.7,
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137.9, 137.5, 137.1, 136.1, 135.9, 131.5, 129, 128.3, 127.5, 127.4, 126.7, 125.6, 125.5, 124 .4,
61.7,39.8, 24.9, 14.2, 10.5; HRMS: measured m/z [M+H]" 338.1752 (theoretical: 338.1750).

Ethyl 2-ethyl 3-[4-(N-benzylbenzamide)]propanoate (2b). Yield: 0.21 g (84 %); '"H NMR
(methanol-ds, 9): 7.69-7.11 (m, 9H, OCNH-Ph;+Ph;-OCNH-CH,-Ph,), 4.46 (s, 2H, Ph;-OCNH-
CH,), 3.98-3.88 (m, 2H, CH-COO-CH), 2.86-2.72 (m, 2H, Ph;-CH>), 2.58-2.48 (m, 1H, Ph;-
CH,-CH), 1.62-1.47 (m, 2H, Ph;-CH,-CH-CH,), 1.02 (t, J = 6.3 Hz, 3H, COO-CH,-CH3), 0.83
(t, J = 8, 3H, CH-CH,-CH3); *C-NMR (methanol-d,, 8): 175.5, 168.6, 143.6, 138.8, 132.4,
128.8, 128.1, 127.1, 127, 126.8, 125.6, 125.5, 125.4, 125.3, 60, 49.1, 43, 37.7, 25, 13.3, 10.7;
HRMS: measured m/z [M+H]" 340.191 (theoretical: 340.1907).

2-Ethyl 3-[4-(N-benzylbenzamide)]propionic acid (2¢). Yield: 0.05 g (55 %); 'H NMR
(methanol-ds, 9): 7.83-6.92 (m, 9H, OCNH-Ph;+Ph;-OCNH-CH,-Ph,), 4.46 (s, 2H, Ph;-OCNH-
CH,), 2.89-2.67 (m, 2H, Ph;-CH,), 2.51-2.42 (m, 1H, Ph;-CH,-CH), 1.62-1.39 (m, 2H, Ph;-
CH,-CH-CH,), 0.85 (t, J = 7.6, 3H, CH-CH,-CH3); *C-NMR (methanol-d,, &): 178.2, 168.7,
144.1, 138.9, 132.1, 128.8, 128.8, 128.1, 128.1, 127.1, 127.1, 127.0, 126.7, 49.5, 43.1, 37.8, 25.2,
10.7; HRMS: measured m/z [M+H]" 312.1601 (theoretical: 312.1594).

(E)-4-[N-Benzylbenzamide]-alpha-ethylcinnamic acid (2d). Yield: 0.06 g (65 %); "H NMR
(DMSO-ds, 6): 12.61 (s, 1H, COOH), 9.11 (t, J = 5.9 Hz, 1H, Ph,-OCNH), 7.99-7.22 (m, 9H,
OCNH-Ph;+Ph;-OCNH-CH,-Ph,), 7.33 (s, 1H, Ph;-CH), 4.50 (d, J = 6.1 Hz, 2H, Ph;-OCNH-
CH,), 247 (q, J = 7.7 Hz, 2H, CH-C-CH,), 1.11 (t, J = 7.2 Hz, 3H, C-CH,-CH3); "C-NMR
(DMSO-ds, 9): 168.9, 165.7, 139.7, 138, 136.4, 136.3, 128.9, 128.3, 127.5, 127.2, 126.7, 125.2,
125.1, 124.0, 123.5, 123.0, 42.7, 20.3, 13.3; HRMS: measured m/z [M+H]" 310.1438

(theoretical: 310.1438).
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4-Formyl-N-(2-(methyl)benzyl)benzamide (3).Yield: 1 g (65 %); 'H NMR (DMSO-dg, d):
10.10 (s, 1H, Ph;-CHO), 9.14 (t, J = 5.4 Hz, 1H, Ph;-OCNH), 8.13-7.99 (m, 4H, CHO-Ph,),
7.31-7.14 (m, 4H, OCNH-CH,-Ph,), 4.49 (d, J = 5.6 Hz, 2H, Ph;-OCNH-CH,), 2.34 (s, 3H, Ph,-
CH;). MS-ESI: m/z 254 [M+H"].

Ethyl (E)-4-[N-((2-methyl)benzyl)benzamide]-alpha-ethylcinnamate (3a). Yield: 0.9 g (66
%); "H NMR (DMSO-ds, 8): 9.10 (t, J = 6 Hz, 1H, Ph,-OCNH), 7.70-7.21 (m, 8H, OCNH-
Ph;+Ph;-OCNH-CH,-Ph,), 7.20 (s, 1H, OCNH-Ph;-CH), 4.30 (d, J = 5.7 Hz, 2H, Ph;-OCNH-
CH»), 4.18 (q, J = 6.9 Hz, 2H, C-COO-CHy), 2.39 (q, J = 6.8 Hz, 2H, CH-C-CH,), 2.41 (s, 3H,
Ph,-CH3 ), 1.25 (t, J = 7.7 Hz, 3H, COO-CH,-CH3), 1.10 (t, J = 7.2 Hz, 3 H, C-CH,-CH3); "°C-
NMR (DMSO-ds, 8): 167.4, 165.3, 136.8, 136.3, 136.1, 136, 135.9, 132.5, 129, 128.4, 128.5,
127.4, 126.5, 125.8, 125.3, 124.1, 60.7, 40.1, 23.9, 18.7, 13.2, 10.1; HRMS: measured m/z
[M+H]" 352.1907 (theoretical: 352.1907).

Ethyl 2-ethyl 3-[4-(N-((2-methyl)benzyl)benzamide)]propanoate (3b). Yield: 0.19 g (75
%); "H NMR (DMSO-ds, 8): 8.85 (t, J = 5.7 Hz, 1H, Ph-OCNH), 7.85-7.15 (m, 8H, OCNH-
Ph;+Ph;-OCNH-CH,-Phy), 4.46 (d, J = 6.2, 2H, Ph;-OCNH-CH,), 4.16-3.96 (m, 2H, CH-COO-
CH,), 2.92-2.77 (m, 2H, Ph;-CH,), 2.68-2.59 (m, 1H, Ph;-CH,-CH), 2.34 (s, 3H, Ph,-CH3),
1.61-1.5 (m, 2H, Ph;-CH,-CH-CH,), 1.09 (t, J = 7.5 Hz, 3H, COO-CH,-CH3), 0.88 (t, J = 8.1,
3H, CH-CH,-CH;); "C-NMR (DMSO-ds, 8): 167.8, 165.4, 137.8, 136.2, 136, 135.8, 129.0,
128.2, 128.1, 127.4, 125.9, 125.8, 125.3, 124.2, 124, 60.3, 40.1, 38.3, 23.9, 18.9, 13.2, 12.1;
HRMS: measured m/z [M+H]" 354.2065 (theoretical: 354.2064).

2-Ethyl 3-[4-(N-((2-methyl)benzyl)benzamide)]propionic acid (3¢). Yield: 0.02 g (20 %);
'H NMR (methanol-d4, 8): 8.01-7.03 (m, 8H, OCNH-Ph,;+Ph;-OCNH-CH,-Ph,), 4.47 (s, 2H,

Ph;-OCNH-CH,), 2.91-2.69 (m, 2H, Ph;-CH,), 2.55-2.45 (m, 1H, Ph;-CH»-CH), 2.26 (s, 3H,
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Ph,-CH3), 1.63-1.42 (m, 2H, Ph;-CH,-CH-CH,), 0.86 (t, J = 7.4, 3H, CH-CH,-CH3); "C-NMR
(DMSO-ds, 8): 176.1, 167.3, 166.1, 145.1, 143.2, 137.3, 135.6, 132.3, 129.8, 129.3, 129, 128.7,
127.3, 126.6, 125.6, 48.1, 37.2, 24.7, 18.5, 11.4; HRMS: measured m/z [M+H]" 326.1752
(theoretical: 326.1751).

(E)-4-[N-((2-Methyl)benzyl)benzamide]-alpha-ethylcinnamic acid (3d). Yield: 0.02 g (19
%); '"H NMR (DMSO-ds, 5): 12.62 (s, 1H, COOH), 8.97 (t, J = 5.8 Hz, 1H, Ph-OCNH), 7.98—
7.13 (m, 8H, OCNH-Ph;+Ph;-OCNH-CH,-Ph,), 7.17 (s, 1H, Ph;-CH), 4.48 (d, J = 5.7 Hz, 2H,
Ph;-OCNH-CHy), 2.48 (q, J = 8.5 Hz, 2H, CH-C-CH,), 2.34 (s, 3H, Ph,-CH3), 1.12 (t, J = 7.1
Hz, 3H, C-CH,-CH;); *C-NMR (DMSO-ds, 8): 169.8, 168.1, 139.1, 137.0, 136.6, 136, 135.9,
133.9, 129.9, 128.9, 128.6, 127.9, 127.4, 127.2, 126.9, 126.9, 41.4, 20.3, 18.7, 12.8; HRMS:
measured m/z [M+H]" 324.1595 (theoretical: 324.1594).

4-Formyl-N-(2-(chloro)benzyl)benzamide (4). Yield: 1.16 g (70 %); 'H NMR (DMSO-dg,
0): 10.14 (s, 1H, Ph;-CHO), 9.28 (t, J = 6 Hz, 1H, Ph;-OCNH), 8.13-8.02 (m, 4H, CHO-Ph,),
7.50-7.28 (m, 4H, OCNH-CH,-Ph,), 4.58 (d, J = 5.8 Hz, 2H, Ph;-OCNH-CH;). MS-ESL: m/z
274 [M+H™].

Ethyl (E)-4-[N-((2-chloro)benzyl)benzamide]-alpha-ethylcinnamate (4a). Yield: 0.87 g (64
%); "H NMR (DMSO-ds, 8): 9.15 (t, J = 5.8 Hz, 1H, Ph-OCNH), 8.02-7.27 (m, 8H, OCNH-
Ph;+Ph;-OCNH-CH,-Phy), 7.40 (s, 1H, OCNH-Ph,;-CH), 4.57 (d, J = 5.7 Hz, 2H, Ph;-OCNH-
CH,), 4.24 (q, J = 7.2 Hz, 2H, C-COO-CH,), 2.38 (q, J = 6.9 Hz, 2H, CH-C-CH»), 1.30 (t, J =
7.5 Hz, 3H, COO-CH,-CH3), 1.11 (t, J = 6.7 Hz, 3 H, C-CH,-CH3); *C-NMR (DMSO-dj, 5):
167.3, 165.1, 138.1, 137.4, 137.2, 135.8, 135.7, 132.2, 129.3, 128.1, 127.4, 127.3, 126.5, 125.6,
125.2, 123.9, 60.5, 39.6, 24.7, 14.1, 10; HRMS: measured m/z [M+H]" 372.1363 (theoretical:

372.1361).
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Ethyl 2-ethyl 3-[4-(N-((2-chloro)benzyl)benzamide)]propanoate (4b).Yield: 0.2 g (90 %);
'H NMR (methanol-dy, 8): 7.83-7.26 (m, 8H, OCNH-Ph,;+Ph;-OCNH-CH,-Ph,), 4.61 (s, 2H,
Ph;-OCNH-CH,), 4.11-4.00 (m, 2H, CH-COO-CH,), 3.00-2.84 (m, 2H, Ph;-CH,), 2.71-2.62
(m, 1H, Ph;-CH,-CH), 1.74-1.59 (m, 2H, Ph;-CH,-CH-CH,), 1.15 (t, J/ = 6.8 Hz, 3H, COO-CH,-
CHs), 0.96 (t, J = 8.7, 3H, CH-CH,-CH3); *C-NMR (DMSO-dy, 8): 167.8, 166.2, 137.4, 136.4,
135.9, 135.8, 129.2, 128.5, 128.3, 127.6, 126.9, 126.8, 125.4, 124.5, 124, 58.3, 40, 38.6, 23.9,
18.5,13.1, 11.7 ; HRMS: measured m/z [M+H]" 375.1423 (theoretical:375.1422).

2-Ethyl 3-[4-(N-((2-chloro)benzyl)benzamide)]propionic acid (4¢). Yield: 0.05 g (50 %); 'H
NMR (methanol-ds, 9): 7.68-7.1 (m, 8H, OCNH-Ph;+Ph;-OCNH-CH,-Ph,), 4.46 (s, 2H, Ph;-
OCNH-CHy), 2.89-2.69 (m, 2H, Ph;-CH,), 2.54-2.44 (m, 1H, Ph;-CH,-CH), 1.63-1.41 (m, 2H,
Ph;-CH,-CH-CH,), 0.86 (t, J = 7.6, 3H, CH-CH,-CH3); "C-NMR (methanol-ds, 8): 177.6,
168.7, 143.8, 138.9, 132.2, 128.8, 128.8, 128.1, 128.1, 127.1, 127.0, 126.9, 126.8, 126.5, 49,
43.1,37.5, 25.0, 10.6; HRMS: measured m/z [M+H]" 346.1206 (theoretical: 346.1205).

(E)-4-[N-((2-Chloro)benzyl)benzamide]-alpha-ethylcinnamic acid (4d). Yield: 0.06 g (62
%); '"H NMR (DMSO-ds, 3): 12.69 (s, 1H, COOH), 9.17 (t, J = 6 Hz, 1H, Ph,-OCNH), 8.05-
7.35 (m, 9H, OCNH-Ph;+Ph;-OCNH-CH,-Ph,+Ph,-CH), 4.62 (d, J = 5.8 Hz, 2H, Ph;-OCNH-
CH,), 2.50 (q, J = 6.4 Hz, 2H, CH-C-CH,), 1.17 (t, J = 7.2 Hz, 3H, C-CH,-CH3); "C-NMR
(DMSO-ds, 3): 169.8, 168.3, 139.2, 137, 136.6, 135.7, 133.7, 132.9, 129.1, 128.9, 128.6, 128.4,
127.9, 127.3, 126.9, 126.4, 41.2, 20.3, 12.7, HRMS: measured m/z [M+H]" 344.1052
(theoretical: 344.1048).

4-Formyl-N-(2-(bromo)benzyl)benzamide (5).Yield: 1.33 g (69 %); '"H NMR (DMSO-dg, 9):

10.11 (s, 1H, Ph;-CHO), 9.29 (t, J = 5.6 Hz, 1H, Ph;-OCNH), 8.14-8.01 (m, 4H, CHO-Ph,),
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7.67-7.02 (m, 4H, OCNH-CH,-Ph,), 4.55 (d, J = 5.8 Hz, 2H, Ph;-OCNH-CH,). MS-ESI: m/z
319 [M+H"].

Ethyl (E)-4-[N-((2-bromo)benzyl)benzamide]-alpha-ethylcinnamate (5a). Yield: 0.85 g (65

©CoO~NOUTA,WNPE

%); "H NMR (DMSO-ds, 8): 9.19 (t, J = 5.8 Hz, 1H, Ph-OCNH), 8.06-7.23 (m, 8H, OCNH-
13 Ph;+Ph;-OCNH-CH,-Ph,), 7.20 (s, 1H, OCNH-Ph;-CH), 4.58 (d, J = 5.6 Hz, 2H, Ph;-OCNH-
15 CH,), 4.29 (q, J = 7.3 Hz, 2H, C-COO-CHy), 2.37 (q, J = 7 Hz, 2H, CH-C-CH,), 1.35 (, J = 6.8
18 Hz, 3H, COO-CH,-CH3), 1.17 (t, J = 5.4 Hz, 3 H, C-CH,-CH3;); "C-NMR (DMSO-ds, 8): 168.3,
20 166.1, 137.8, 137.4, 137.1, 135.7, 135.5, 132.1, 129.5, 128.2, 127.5, 127.2, 126.3, 125.8, 125.3,
22 122.9, 61.5, 40.6, 25.7, 14.4, 10.5; HRMS: measured m/z [M+H]" 416.0855 (theoretical:
o5 416.0856).

27 Ethyl 2-ethyl 3-[4-(N-((2-bromo)benzyl)benzamide) ]propanoate (5b). Yield: 0.18 g (70 %);
29 'H NMR (methanol-ds, 8): 7.81-7.25 (m, 8H, OCNH-Ph,+Ph;-OCNH-CH,-Ph,), 4.59 (s, 2H,
32 Ph;-OCNH-CH,), 4.09-4.00 (m, 2H, CH-COO-CH,), 2.90-2.85 (m, 2H, Ph;-CH,), 2.69-2.61
34 (m, 1H, Ph;-CH,-CH), 1.72-1.58 (m, 2H, Ph;-CH,-CH-CH)), 1.14 (t, J = 7.9 Hz, 3H, COO-CH,-
CH3), 0.95 (t, J = 8.1, 3H, CH-CH,-CH3); "C-NMR (methanol-ds, 8): 176.0, 167.5, 144.9,
39 130.2, 129.5, 128.5, 128.4, 128.2, 127.2, 127.0, 126, 125.7, 125.6, 125.5, 61.4, 50.4, 44.4, 39.1,
41 26.6, 14.5, 11.9; HRMS: measured m/z [M+H]" 418.1013 (theoretical: 418.1012).

a4 2-Ethyl 3-[4-(N-((2-bromo)benzyl)benzamide)]propionic acid (5c¢). Yield: 0.05 g (51 %);
46 'H NMR (DMSO-d, 8): 12.12 (s, 1H, COOH), 8.96 (t, J = 6.1 Hz, 1H, Ph,-OCNH), 7.81-7.19
48 (m, 8H, OCNH-Ph;+Ph;-OCNH-CH,-Ph,), 4.46 (d, J = 6.1, 2H, Ph;-OCNH-CH,), 2.90-2.71 (m,
51 2H, Ph;-CHy), 2.60-2.50 (m, 1H, Ph;-CH,-CH), 1.60—1.41 (m, 2H, Ph;-CH,-CH-CH,), 0.87 (t, J

53 = 7.6, 3H, CH-CH,-CH;); *C-NMR (DMSO-ds, 8): 176.4, 166.5, 143.7, 140.2, 132.7, 129.2,
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128.7, 128.1, 128.1, 127.7, 127.6, 126.9, 126.8, 126.5, 48.5, 40.5, 39.7, 25.1, 11.9; HRMS:
measured m/z [M+H]" 390.07 (theoretical: 390.0699).

(E)-4-[N-((2-Bromo)benzyl)benzamide]-alpha-ethylcinnamic acid (5d). Yield: 0.06 g (61
%); '"H NMR (DMSO-ds, 5): 12.68 (s, 1H, COOH), 9.18 (t, J = 5.7 Hz, 1H, Ph-OCNH), 8.08-
7.26 (m, 9H, OCNH-Ph;+Ph;-OCNH-CH,-Ph,+Ph,-CH), 4.58 (d, J = 5.4 Hz, 2H, Ph;-OCNH-
CH,), 2.50 (q, J = 8.2 Hz, 2H, CH-C-CH,), 1.18 (t, J = 7 Hz, 3H, C-CH,-CH3); “C-NMR
(DMSO-ds, 8): 169.8, 168.3, 139.2, 137.2, 137, 136.6, 133.7, 132.4, 128.9, 128.6, 127.9, 127.4,
127.3, 126.9, 125.6, 122.7, 43.7, 20.4, 12.8; HRMS: measured m/z [M+H]" 388.0544
(theoretical: 388.0543).

4-Formyl-N-(2-(trifluoromethoxy)benzyl)benzamide (6).Yield: 1.18 g (70 %); '"H NMR
(DMSO-dg, 6): 10.11 (s, 1H, Ph;-CHO), 9.27 (t, J = 5.7 Hz, 1H, Ph;-OCNH), 8.11-8.02 (m, 4H,
CHO-Ph,), 7.51-7.37 (m, 4H, OCNH-CH,-Ph,), 4.59 (d, J = 5.7 Hz, 2H, Ph;-OCNH-CH,). MS-
ESL: m/z 324 [M+H"].

Ethyl (E)-4-[N-((2-trifluoromethoxy)benzyl)benzamide]-alpha-ethylcinnamate  (6a).
Yield: 0.86 g (66 %); "H NMR (DMSO-dy, 8): 9.10 (t, J = 5.8 Hz, 1H, Ph,-OCNH), 7.96-7.33
(m, 8H, OCNH-Ph;+Ph;-OCNH-CH,-Ph,), 7.40 (s, 1H, OCNH-Ph;-CH), 4.69 (d, J = 5.5 Hz,
2H, Ph;-OCNH-CH,), 4.30 (q, J = 7.2 Hz, 2H, C-COO-CH,), 2.57 (q, J = 7.5 Hz, 2H, CH-C-
CH,), 1.37 (t, J = 7 Hz, 3H, COO-CH,-CH3), 1.18 (t, J = 7.6 Hz, 3 H, C-CH,-CH3); "C-NMR
(DMSO-ds, 6): 173.3, 168.5, 167.1, 138.8, 138.4, 137.1, 136.7, 135.4, 132.2, 129.2, 128 .4, 127 .4,
127.3, 125.3, 125.1, 124.1, 123.1, 60.5, 42.6, 24.7, 14.7, 10.1; HRMS: measured m/z [M+H]"
421.1501 (theoretical: 421.1503).

Ethyl 2-ethyl 3-[4-(N-((2-trifluoromethoxy)benzyl)benzamide)propanoate (6b). Yield: 0.2

g (90 %); '"H NMR (methanol-d,, 8): 7.69-7.17 (m, 8H, OCNH-Ph,+Ph;-OCNH-CH,-Ph,), 4.55
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(s, 2H, Ph;-OCNH-CH,), 3.97-3.89 (m, 2H, CH-COO-CHy), 2.86-2.73 (m, 2H, Ph;-CH,), 2.58—

2.51 (m, 1H, Ph;-CH,-CH), 1.61-1.47 (m, 2H, Ph;-CH,-CH-CH,), 1.02 (t, J = 7 Hz, 3H, COO-

©CoO~NOUTA,WNPE

CH,-CH3), 0.84 (t, J = 7.6, 3H, CH-CH,-CH3); *C-NMR (methanol-d,, 8): 177.5, 175.0, 166.5,
145.1, 133.5, 132.6, 130.4, 130.3, 129.9, 128.6, 128.4, 127, 125.8, 125.6, 61.4, 50.5, 44.4, 39.1,
13 26.5, 14.7, 12.0; HRMS: measured m/z [M+H]" 423.1667 (theoretical: 423.1665).

15 2-Ethyl 3-[4-(N-((2-trifluoromethoxy)benzyl)benzamide) |propionic acid (6¢). Yield: 0.07 g
18 (66 %); "H NMR (DMSO-ds, 5): 12.18 (s, IH, COOH), 9.03 (t, J = 6 Hz, 1H, Ph-OCNH), 7.88—
20 7.26 (m, 8H, OCNH-Ph;+Ph;-OCNH-CH,-Ph;), 4.53 (d, J = 6, 2H, Ph;-OCNH-CH,), 2.96-2.76
22 (m, 2H, Ph;-CH;), 2.63-2.59 (m, 1H, Ph;-CH,-CH), 1.64-1.50 (m, 2H, Ph;-CH,-CH-CH,), 0.90
5 (t, J = 7.6, 3H, CH-CH,-CH3); "C-NMR (DMSO-ds, 8): 177.5, 176.4, 166.5, 143.7, 140.2,
27 133.1, 132.7, 129.2, 129.0, 128.7, 127.7, 127.6, 127.1, 126.8, 126.5, 48.5, 40.3, 39.1, 26.5, 11.9;
29 HRMS: measured m/z [M+H]* 396.1417 (theoretical: 396.1417).

32 (E)-4-[N-((2-Trifluoromethoxy)benzyl)benzamide]-alpha-ethylcinnamic acid (6d). Yield:
34 0.06 g (65 %); 'H NMR (DMSO-ds, 8): 12.71 (s, 1H, COOH), 9.15 (t, J = 6.7 Hz, 1H, Ph,-
OCNH), 8.03-7.4 (m, 9H, OCNH-Ph;+Ph;-OCNH-CH,-Ph,+Ph;-CH), 4.62 (d, J = 5.9 Hz, 2H,
39 Ph;-OCNH-CH,), 2.51 (q, J = 6.9 Hz, 2H, CH-C-CHy), 1.16 (t, J = 7.9 Hz, 3H, C-CH,-CHj);
41 BC-NMR (DMSO-ds, 8): 171.3, 169.2, 166.5, 166.4, 149.7, 146.6, 138.8, 136.9, 134.1, 133.1,
44 132.2, 129.7, 129.5, 129.1, 128.2, 128, 128, 37.7, 20.8, 14.1; HRMS: measured m/z [M+H]"
46 394.1261 (theoretical: 394.1261).

48 4-Formyl-N-(4-fluorobenzyl)benzamide (7). Yield: 0.97 g (70 %); "H NMR (DMSO-dg, d):
51 10.15 (s, 1H, Ph;-CHO), 9.33 (t, J = 5.7 Hz, 1H, Ph;-OCNH), 8.16-8.04 (m, 4H, CHO-Ph,),
53 7.47-7.18 (m, 4H, OCNH-CH,-Ph,), 4.54 (d, J = 5.9 Hz, 2H, Ph;-OCNH-CH;). MS-ESI: m/z

258 [M+H'].
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Ethyl (E)-4-[N-((4-fluoro)benzyl)benzamide]-alpha-ethylcinnamate (7a). Yield: 0.93 g (67
%); '"H NMR (DMSO-ds, 8): 9.18 (t, J = 6 Hz, 1H, Ph,-OCNH), 8.02-7.18 (m, 8H, OCNH-
Ph;+Ph;-OCNH-CH,-Ph,), 7.66 (s, IH, OCNH-Ph;-CH), 4.53 (d, J = 6.1 Hz, 2H, Ph;-OCNH-
CH,), 4.28 (q, J = 7 Hz, 2H, C-COO-CH,), 2.54 (q, J = 7.9 Hz, 2H, CH-C-CH,), 1.34 (t,J=7.11
Hz, 3H, COO-CH,-CH3), 1.18 (t, J = 7.6 Hz, 3 H, C-CH,-CH3); "C-NMR (DMSO-ds, 8): 167.5,
167.2, 161.8, 139.7, 138.3, 138.1, 133.4, 131.2, 128.2, 128.1, 127.2, 127, 126.1, 125.1, 124.5,
118.9, 61.5, 42.6, 16.7, 14.6, 14.1; HRMS: measured m/z [M+H]" 356.1657 (theoretical:
356.1657).

Ethyl 2-ethyl 3-[4-(N-((4-fluoro)benzyl)benzamide)]propanoate (7b). Yield: 0.23 g (91 %);
'H NMR (DMSO-dy, 8): 8.91 (t, J = 5.8 Hz, 1H, OCNH), 7.75-7.03 (m, 8H, OCNH-Ph,+Ph;-
OCNH-CH;-Phy), 4.37 (d, J = 6, 2H, Ph;-OCNH-CH,), 3.98-3.86 (m, 2H, CH-COO-CH,),
2.84-2.69 (m, 2H, Ph;-CH,), 2.60-2.48 (m, 1H, Ph;-CH,-CH), 1.53-1.41 (m, 2H, Ph,;-CH,-CH-
CH,), 1.01 (t, J = 7.4 Hz, 3H, COO-CH,-CH3), 0.79 (t, J = 7.4, 3H, CH-CH,-CH;); "C-NMR
(DMSO-dg, 6): 177.6, 165.6, 143.4, 138.6, 133.4, 133.2, 132.1, 127.5, 127.1, 126.7, 126.6, 126.5,
125.4, 125.2, 56.0, 48.2, 45.0, 37.6, 24.0, 13.1, 11.7, HRMS: measured m/z [M+H]" 358.1814
(theoretical: 358.1813).

2-Ethyl 3-[4-(N-((4-fluoro)benzyl)benzamide)]propionic acid (7¢). Yield: 0.05 g (50 %); 'H
NMR (methanol-ds, d8): 7.68-6.91 (m, 8H, OCNH-Ph;+Ph;-OCNH-CH,-Ph,), 4.43 (s, 2H, Ph;-
OCNH-CHy), 2.89-2.69 (m, 2H, Ph;-CH), 2.54-2.44 (m, 1H, Ph;-CH,-CH), 1.62-1.41 (m, 2H,
Ph;-CH,-CH-CH,), 0.86 (t, J = 7.4, 3H, CH-CH,-CH3); "C-NMR (methanol-ds, 8): 177.6,
168.7, 163.7, 160.5, 143.9, 135.0, 135.0, 132.1, 129.1, 129.0, 129.0, 127.0, 114.9, 114.6, 49.1,

42.4,37.6, 25.0, 10.6; HRMS: measured m/z [M+H]" 330.1503 (theoretical: 330.15).
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(E)-4-[N-((4-Fluoro)benzyl)benzamide]-alpha-ethylcinnamic acid (7d). Yield: 0.07 g (70
%); '"H NMR (DMSO-ds, 5): 12.63 (s, 1H, COOH), 9.12 (t, J = 6.3 Hz, 1H, Ph-OCNH), 7.97—-
7.12 (m, 9H, OCNH-Ph;+Ph;-OCNH-CH,-Ph,+Ph,-CH), 4.48 (d, J = 5.6 Hz, 2H, Ph;-OCNH-
CH,), 2.44 (q, J = 8.9 Hz, 2H, CH-C-CH,), 1.11 (t, J = 6.9 Hz, 3H, C-CH,-CH3); "C-NMR
(DMSO-ds, 6): 169.8, 168.1, 139.1, 137.0, 136.6, 134.9, 133.8, 129.1, 129.0, 128.9, 127.9, 127.2,
126.8, 125.6, 114.9, 114.6, 42.4, 20.3, 12.7, HRMS: measured m/z [M+H]" 328.1345
(theoretical: 328.1344).

4-Formyl-N-(4-(trifluoromethyl)benzyl)benzamide (8). Yield: 1.3 g (70 %); '"H NMR
(DMSO-ds, 6): 10.10 (s, 1H, Ph;-CHO), 9.37 (t, J = 5.9 Hz, 1H, Ph;-OCNH), 8.12-8 (m, 4H,
CHO-Ph,), 7.74-7.54 (m, 4H, OCNH-CH,-Ph,), 4.60 (d, J = 5.8 Hz, 2H, Ph;-OCNH-CH,). MS-
ESL: m/z 308 [M+H].

Ethyl (E)-4-[N-((4-trifluoromethyl)benzyl)benzamide]-alpha-ethylcinnamate (8a). Yield:
0.92 g (65 %); '"H NMR (DMSO-dy, 8): 9.23 (t, J = 6.5 Hz, 1H, Ph,-OCNH), 7.99-7.53 (m, 8H,
OCNH-Ph;+Ph;-OCNH-CH,-Ph,), 7.62 (s, 1H, OCNH-Ph;-CH), 4.59 (d, J = 6.3 Hz, 2H, Ph;-
OCNH-CHy), 4.24 (q, J = 7.4 Hz, 2H, C-COO-CH,), 2.50 (q, J/ = 7.9 Hz, 2H, CH-C-CH,), 1.30
(t, J = 7.4 Hz, 3H, COO-CH,-CH3), 1.12 (t, J = 7.6 Hz, 3 H, C-CH,-CH3); "C-NMR (DMSO-ds,
d): 167.4, 167, 164.8, 139.3, 137.1, 136.7, 131.3, 132.4, 130.2, 128.6, 128.4, 127.4, 127.1, 126.1,
124.9, 124.3, 117.9, 61.3, 41.6, 17.7, 14.1, 14.0; HRMS: measured m/z [M+H]" 406.1626
(theoretical: 406.1625).

Ethyl 2-ethyl 3-[4-(N-((4-trifluoromethyl)benzyl)benzamide)]propanoate (8b). Yield: 0.23
g (87 %); '"H NMR (methanol-d,, 3): 7.70-7.17 (m, 8H, OCNH-Ph,;+Ph;-OCNH-CH,-Ph,), 4.54
(s, 2H, Ph;-OCNH-CH,), 3.99-3.88 (m, 2H, CH-COO-CHy), 2.87-2.72 (m, 2H, Ph;-CH,), 2.59—

2.49 (m, 1H, Ph;-CH,-CH), 1.62-1.46 (m, 2H, Ph;-CH,-CH-CH,), 1.03 (t, / = 7.5 Hz, 3H, COO-
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CH,-CH3), 0.83 (t, J = 7.2, 3H, CH-CH,-CH3); *C-NMR (methanol-d,, 8): 175.6, 166.3, 143.5,
132.7,132.3, 131.5, 130.4, 128.8, 127.5, 127.1, 125.1, 125.1, 125.0, 125, 124.9, 60.0, 49.0, 42.7,
37.7,25.1, 13.2, 10.7; HRMS: measured m/z [M+H]" 408.178 (theoretical: 408.1781).

2-Ethyl 3-[4-(N-((4-trifluoromethyl)benzyl)benzamide)]propionic acid (8c). Yield: 0.05 g
(53 %); 'H NMR (methanol-d,, 8): 7.7-7.1 (m, 8H, OCNH-Ph,+Ph,;-OCNH-CH,-Ph,), 4.61 (s,
2H, Ph;-OCNH-CH>), 3.03-2.82 (m, 2H, Ph;-CH»), 2.66-2.56 (m, 1H, Ph;-CH,-CH), 1.76-1.53
(m, 2H, Ph;-CH,-CH-CH,), 0.99 (t, J = 8.3, 3H, CH-CH,-CH3); *C-NMR (methanol-d,, d):
177.5, 168.8, 144.0, 132.5, 132.2, 132.1, 131.1, 129.1, 129.0, 127.5, 127.0, 125.0, 125.0, 124.9,
124.6, 49.0, 47.4, 37.5, 25.0, 10.6; HRMS: measured m/z [M+H]" 380.1467 (theoretical:
380.1468).

(E)-4-[N-((4-Trifluoromethyl)benzyl)benzamide]-alpha-ethylcinnamic acid (8d). Yield:
0.05 g (50 %); 'H NMR (methanol-dy4, 9): 8.08-7.29 (m, 9H, OCNH-Ph;+Ph;-OCNH-CH,-
Ph,+Ph;-CH), 4.70 (s, 2H, Ph;-OCNH-CH»), 2.57 (q, J = 7.5 Hz, 2H, CH-C-CH), 1.22 (t, J =
7.2 Hz, 3H, C-CH,-CH3); "C-NMR (methanol-dy, 8): 167.2, 166.5, 144.2, 138.4, 138.1, 137.0,
136.5, 133.8, 133.6, 132.2, 129.6, 129.4, 128.6, 128.5, 127.1, 127.0, 126.8, 29.5, 19.4, 12.6;
HRMS: measured m/z [M+H]" 377.1245 (theoretical: 377.1246).

4-Formyl-N-(4-(trifluoromethoxy)benzyl)benzamide (9). Yield: 1.37 g (70 %); '"H NMR
(DMSO-dg, 8): 10.15 (s, 1H, Ph;-CHO), 9.36 (t, J = 6 Hz, 1H, Ph;-OCNH), 8.18-8.04 (m, 4H,
CHO-Ph,), 7.55-7.36 (m, 4H, OCNH-CH,-Ph,), 4.58 (d, J = 6 Hz, 2H, Ph;-OCNH-CH,). MS-
ESL: m/z 324 [M+H"].

Ethyl (E)-4-[N-((4-trifluoromethoxy)benzyl)benzamide]-alpha-ethylcinnamate  (9a).
Yield: 0.83 g (65 %); 'H NMR (DMSO-dy, 8): 9.14 (t, J = 5.9 Hz, 1H, Ph,-OCNH), 7.99-7.27

(m, 8H, OCNH-Ph;+Ph;-OCNH-CH,-Ph»), 7.42 (s, 1H, OCNH-Ph;-CH), 4.5 (d, J = 5.4 Hz, 2H,
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Ph;-OCNH-CH,), 4.21 (q, J = 7.2 Hz, 2H, C-COO-CH»), 2.40 (q, J = 7.8 Hz, 2H, CH-C-CH,),
1.27 (t, J = 7.3 Hz, 3H, COO-CH,-CH3), 1.09 (t, J = 6.6 Hz, 3 H, C-CH,-CH3); "C-NMR

(DMSO-ds, 8): 173.1, 169, 168.3, 155.8, 140.3, 136.7, 135.1, 131.4, 131.2, 128.7, 128.3, 127.6,

©CoO~NOUTA,WNPE

127.1, 125.1, 123.9, 122.3, 116.9, 59.3, 40.6, 16.7, 14.5, 14.1; HRMS: measured m/z [M+H]"
13 422.1574 (theoretical: 422.1574).

15 Ethyl 2-ethyl 3-[4-(N-((4-trifluoromethoxy)benzyl)benzamide)]propanoate (9b). Yield:
18 0.24 g (94 %); '"H NMR (methanol-d, 8): 7.69-7.12 (m, 8H, OCNH-Ph,+Ph;-OCNH-CH,-Ph,),
20 4.48 (s, 2H, Ph;-OCNH-CH,), 3.98-3.88 (m, 2H, CH-COO-CH,), 2.87-2.71 (m, 2H, Ph;-CH,),
22 2.58-2.48 (m, 1H, Ph;-CH,-CH), 1.64-1.42 (m, 2H, Ph;-CH,-CH-CH,), 1.02 (t, J = 5.7 Hz, 3H,
25 COO-CH,-CH3), 0.84 (t, J = 7.4, 3H, CH-CH,-CH3); *C-NMR (methanol-dj, 8): 177.8, 175.6,
27 168.6, 143.8, 138.2, 132.1, 130.2, 130.3, 128.8, 128.7, 127, 125.3, 125.2, 125.1, 120.7, 60.1,
29 492, 42.5, 37.7, 25.2, 13.1, 10.6; HRMS: measured m/z [M+H]" 424.1726 (theoretical:
32 424.1730).

34 2-Ethyl 3-[4-(N-((4-trifluoromethoxy)benzyl)benzamide)]propionic acid (9¢). Yield: 0.06 g
(60 %); "H NMR (methanol-dy, 8): 7.82—7.24 (m, 8H, OCNH-Ph;+Ph;-OCNH-CH,-Ph,), 4.61 (s,
39 2H, Ph;-OCNH-CH,), 3.03-2.82 (m, 2H, Ph;-CH), 2.66-2.56 (m, 1H, Ph;-CH,-CH), 1.76-1.53
41 (m, 2H, Ph;-CH,-CH-CH,), 0.99 (t, J = 8.3, 3H, CH-CH,-CH3); "C-NMR (methanol-ds, 3):
a4 178.0, 175.6, 168.7, 148.1, 144.1, 138.3, 132.0, 128.8, 128.7, 128.5, 127, 125.3, 125.2, 125.1,
46 120.7, 49.3, 47.0, 37.6, 25.0, 10.6; HRMS: measured m/z [M+H]" 396.1416 (theoretical:
48 396.1417).

51 (E)-4-[N-((4-Trifluoromethoxy)benzyl)benzamide]-alpha-ethylcinnamic acid (9d). Yield:
53 0.07 g (69 %); 'H NMR (methanol-dy4, 9): 7.96-7.24 (m, 9H, OCNH-Ph;+Ph;-OCNH-CH,-

Ph,+Ph;-CH), 4.64 (s, 2H, Ph;-OCNH-CH,), 2.56 (q, J = 7.4 Hz, 2H, CH-C-CH,), 1.19 (t, J =
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9.6 Hz, 3H, C-CH,-CH3); "C-NMR (methanol-d, 8): 169.7, 168.2, 165.5, 145.2, 139.2, 138.2,
137.0, 136.6, 134.1, 133.7, 132.2, 129.7, 129.5, 129.1, 128.2, 128.0, 120.8, 28.5, 20.4, 12.7;
HRMS: measured m/z [M+H]" 394.1258 (theoretical: 394.1261).

4-Formyl-N-(4-(methoxy)benzyl)benzamide (10). Yield: 1.3 g (70 %); "H NMR (DMSO-d,
d): 10.14 (s, 1H, Ph;-CHO), 9.24 (t, J = 5.5 Hz, 1H, Ph;-OCNH), 8.15-8.03 (m, 4H, CHO-Ph,),
7.34-6.93 (m, 4H, OCNH-CH,-Phy), 4.49 (d, J = 5.9 Hz, 2H, Ph;-OCNH-CH,). MS-ESI: m/z
270 [M+H"].

Ethyl (E)-4-[N-((4-methoxy)benzyl)benzamide]-alpha-ethylcinnamate (10a). Yield: 0.91 g
(67 %); "H NMR (methanol-dy, 8): 7.80-6.60 (m, 8H, OCNH-Ph;+Ph;-OCNH-CH,-Ph,), 7.50 (s,
1H, OCNH-Ph,-CH), 4.41 (s, 2H, Ph;-OCNH-CH,), 4.17 (q, J = 7 Hz, 2H, C-COO-CHy), 3.67
(s, Phy-O-CHs), 2.44 (q, J = 7.5 Hz, 2H, CH-C-CH»), 1.24 (t, J = 7.6 Hz, 3H, COO-CH,-CH3),
1.05 (t, J = 5 Hz, 3 H, CH-CH,-CH3); "C-NMR (methanol-d,, 3): 167, 166.3, 140.4, 138.3,
135.7, 135.1, 131.7, 130.3, 128.7, 128.5, 127.3, 127.1, 124.2, 123.1, 122.1, 115.9, 58.3, 55.1,
40.1, 16.5, 14.6, 14.1; HRMS: measured m/z [M+H]" 367.1783 (theoretical: 367.1784).

Ethyl 2-ethyl 3-[4-(N-((4-methoxy)benzyl)benzamide)]propanoate (10b). Yield: 0.2 g (90
%); '"H NMR (methanol-dy, 8): 7.78-6.88 (m, 8H, OCNH-Ph,+Ph;-OCNH-CH,-Ph,), 4.45 (s,
2H, Ph;-OCNH-CH,), 4.10-3.98 (m, 2H, CH-COO-CH,), 3.78 (s, 3H, Ph,-O-CH3), 2.96-2.83
(m, 2H, Ph;-CHy), 2.68-2.61 (m, 1H, Ph;-CH,-CH), 1.73-1.56 (m, 2H, Ph;-CH,-CH-CH,), 1.14
(t, J = 7.1 Hz, 3H, COO-CH»-CH3), 0.95 (t, J = 7.5, 3H, CH-CH,-CH3); "C-NMR (methanol-ds,
d): 177.1, 160.5, 144.9, 133.8, 132.2, 130.1, 129.9, 128.4, 127.2, 127.0, 125.3, 125.2, 125.1,
114.9, 61.4, 55.8, 44.0, 39.1, 37.7, 26.6, 14.6, 11.9; HRMS: measured m/z [M+H]" 370.2017

(theoretical: 370.2013).
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2-Ethyl 3-[4-(N-((4-methoxy)benzyl)benzamide)]propionic acid (10c). Yield: 0.06 g (62

%); '"H NMR (DMSO-ds, 5): 12.19 (s, 1H, COOH), 8.95 (t, J = 6.7 Hz, 1H, Ph-OCNH), 7.86—
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6.91 (m, 8H, OCNH-Ph;+Ph;-OCNH-CH,-Ph,), 4.45 (d, J = 5.8, 2H, Ph;-OCNH-CH,), 3.78 (s,
3H, Ph,-O-CHj3), 2.96-2.77 (m, 2H, Ph;-CH,), 2.63-2.60 (m, 1H, Ph;-CH,-CH), 1.64-1.49 (m,
13 2H, Ph;-CH,-CH-CH,), 0.93 (t, J = 7.6, 3H, CH-CH,-CH3); >"C-NMR (DMSO-ds, 3): 176.4,
15 166.4, 158.6, 143.6, 132.8, 132.2, 129.1, 129, 127.6, 127.0, 125.3, 125.2, 125.1, 114.1, 55.5,
18 42.4,40.8,37.5, 25.1, 11.9; HRMS: measured m/z [M+H]" 342.17 (theoretical: 342.17).

20 (E)-4-[N-((4-Methoxy)benzyl)benzamide]-alpha-ethylcinnamic acid (10d). Yield: 0.06 g
22 (64 %); 'H NMR (DMSO-ds, 8) 12.51 (s, 1H, COOH), 8.93 (t, J = 6.2 Hz, 1H, Ph,-OCNH),
25 7.87-6.78 (m, 9H, OCNH-Ph;+Ph;-OCNH-CH;-Ph,+Ph;-CH), 4.33 (d, J = 5.7 Hz, 2H, Ph;-
27 OCNH-CH,), 3.64 (s, 3H, Ph,-O-CHj3), 2.36 (q, J = 7.9 Hz, 2H, CH-C-CH,), 1.01 (t, J = 7.1 Hz,
29 3H, C-CH,-CH3); "C-NMR (DMSO-ds, 8): 169.8, 168.0, 159.0, 139.0, 137.0, 136.5, 133.9,
32 130.8, 128.9, 128.7, 128.5, 128.5, 127.9, 127.2, 126.8, 113.5, 54.3, 46.8, 20.3, 12.7; HRMS:
34 measured m/z [M+H]" 340.1544 (theoretical: 340.1543).
4-Formyl-N-(4-chlorobenzyl)benzamide (11). Yield: 1.14 g (69 %); "H NMR (DMSO-dg, 95):
39 10.10 (s, 1H, Ph;-CHO), 9.30 (t, J = 6.4 Hz, 1H, Ph;-OCNH), 8.10-8.01 (m, 4H, CHO-Ph,),
41 7.43-7.35 (m, 4H, OCNH-CH,-Ph,), 4.50 (d, J = 6 Hz, 2H, Ph;-OCNH-CH,). MS-ESI: m/z 274
a4 [M+H"].

46 Ethyl (E)-4-[N-((4-chloro)benzyl)benzamide]-alpha-ethylcinnamate (11a). Yield: 0.93 ¢
48 (69 %); '"H NMR (methanol—d4 , 0): 7.93-7.34 (m, 8H, OCNH-Ph;+Ph;-OCNH-CH,-Ph,), 7.36 (s,
51 1H, OCNH-Ph;-CH), 4.58 (s, 2H, Ph;-OCNH-CH,), 4.30 (q, J = 7.5 Hz, 2H, C-COO-CH,), 2.56
53 (g, J = 7.4 Hz, 2H, CH-C-CH,), 1.37 (t, J = 7.5 Hz, 3H, COO-CH,-CH3), 1.18 (t, /= 7.2 Hz, 3

H, C-CH,-CH;); “C-NMR (methanol-d,, 3): 166.6, 165.3, 154.4, 137.4, 136.1, 135.5, 131.6,
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130.2, 129.1, 128.6, 126.9, 126.8, 125.3, 123.1, 122.8, 115.9, 59.3, 40.2 , 16.1, 14.6, 14.1;
HRMS: measured m/z [M+H]" 371.1296 (theoretical: 371.1298).

Ethyl 2-ethyl 3-[4-(N-((4-chloro)benzyl)benzamide)]propanoate (11b). Yield: 0.2 g (91 %);
'H NMR (methanol-dy, 8): 7.68-7.12 (m, 8H, OCNH-Ph,;+Ph;-OCNH-CH,-Ph,), 4.46 (s, 2H,
Ph;-OCNH-CH,), 3.98-3.87 (m, 2H, CH-COO-CH,), 2.85-2.73 (m, 2H, Ph;-CH,), 2.57-2.50
(m, 1H, Ph;-CH,-CH), 1.62-1.45 (m, 2H, Ph;-CH,-CH-CH,), 1.02 (t, J = 7.1 Hz, 3H, COO-CH,-
CH3), 0.83 (t, J = 7.4, 3H, CH-CH»-CH3); "C-NMR (methanol-ds, 3): 177.0, 164.1, 145.0,
140.2, 130.2, 129.5, 128.5, 128.5, 128.4, 127.0, 125.5, 125.3, 125.1, 114.4, 61.4, 50.5, 44.5, 39.0,
26.6, 14.5, 12.1; HRMS: measured m/z [M+H]" 374.1518 (theoretical: 374.1518).

2-Ethyl 3-[4-(N-((4-chloro)benzyl)benzamide)]propionic acid (11c). Yield: 0.05 g (50%);
'H NMR (DMSO-dg, 8): 12.13 (s, 1H, COOH), 8.97 (t, J = 6 Hz, 1H, Ph,-OCNH), 7.83-7.27 (m,
8H, OCNH-Ph;+Ph;-OCNH-CH,-Phy), 4.53 (d, J = 6.4, 2H, Ph;-OCNH-CH,), 2.90-2.71 (m,
2H, Phy-CH,), 2.57-2.52 (m, 1H, Ph;-CH,-CH), 1.58-1.43 (m, 2H, Ph;-CH,-CH-CH,), 0.88 (t, J
= 7.1, 3H, CH-CH,-CH3); *C-NMR (DMSO-ds, 8): 176.4, 166.7, 146.6, 143.9, 132.4, 132.4,
129.6, 129.2, 129.1, 128.0, 127.7, 125.2, 125.1, 121.1, 48.5, 39.4, 37.5, 25.1, 11.9; HRMS:
measured m/z [M+H]" 346.1206 (theoretical: 346.1205).

(E)-4-[N-((4-Chloro)benzyl)benzamide]-alpha-ethylcinnamic acid (11d). Yield: 0.06 g (66
%); "H NMR (DMSO-ds, 8) 12.54 (s, 1H, COOH), 9.03 (t, J = 5.8 Hz, 1H, Ph,-OCNH), 7.87—
7.23 (m, 9H, OCNH-Ph;+Ph;-OCNH-CH,-Ph,+Ph,-CH), 4.39 (d, J = 6.1 Hz, 2H, Ph;-OCNH-
CH,), 2.37 (q, J = 7.4 Hz, 2H, CH-C-CH,), 1.01 (t, J = 7.6 Hz, 3H, C-CH,-CH3); "C-NMR
(DMSO-ds, 8): 168.7, 166.1, 137.1, 137.0, 135.6, 133.9, 133.6, 129.4, 129.2, 128.9, 128, 127.6,
126.4, 125.4, 114.8, 114.6, 37.4, 21.3, 12.7;, HRMS: measured m/z [M+H]" 344.1045

(theoretical: 344.1048).
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4-Formyl-N-4-(phenoxybenzyl)benzamide (12). Yield: 1.39 g (69 %); 'H NMR (DMSO-ds,
9): 10.10 (s, 1H, Ph;-CHO), 9.26 (t, J = 5.9 Hz, 1H, Ph;-OCNH), 8.17-7.99 (m, 4H, CHO-Ph,),

7.42-6.96 (m, 9H, OCNH-CH,-Ph,+Ph,-O-Ph3), 4.50 (d, J = 6 Hz, 2H, Ph;-OCNH-CH;). MS-
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ESI: m/z 332 [M+H"].

13 Ethyl (E)-4-[N-((4-phenoxy)benzyl)benzamide]-alpha-ethylcinnamate (12a). Yield: 0.85 g
15 (69 %); '"H NMR (DMSO-ds, 8): 9.11 (t, J = 5.9 Hz, 1H, Ph;-OCNH ), 7.97-6.98 (m, 12H,
18 OCNH-Ph;+Ph;-OCNH-CH,-Ph,+Ph,-O-Ph3), 7.40 (s, 1H, OCNH-Ph;-CH), 4.49 (d, J = 6.5,
20 2H, Ph;-OCNH-CH,), 4.24 (q, J = 7.2 Hz, 2H, C-COO-CH,), 2.45 (q, J = 7.3 Hz, 2H, CH-C-
22 CH»), 1.30 (t, J = 7.7 Hz, 3H, COO-CH,-CH3), 1.12 (t, J = 7.8 Hz, 3 H,C-CH,-CH3); "C-NMR
25 (DMSO-ds, 6): 166.1, 164.2, 156.6, 155.4, 137.4, 136.1, 135.5, 131.6, 130.2, 129.1, 128.7, 128.6,
27 128.3, 126.9, 126.8, 125.3, 123.1, 122.8, 121.5, 118.1, 118.7, 115.9, 59.3, 40.2, 16.2, 14.5, 14;
29 HRMS: measured m/z [M+H]* 430.2017 (theoretical: 430.2013).

32 Ethyl 2-ethyl 3-[4-(N-((4-phenoxy)benzyl)benzamide)]propanoate (12b). Yield: 0.2 g (90
34 %); '"H NMR (methanol-d,, 8): 7.68-7.12 (m, 13H, OCNH-Ph;+Ph;-OCNH-CH,-Ph,), 4.46 (s,
2H, Ph;-OCNH-CH,), 3.98-3.87 (m, 2H, CH-COO-CH,), 2.85-2.73 (m, 2H, Ph;-CH,), 2.57-
39 2.50 (m, 1H, Ph;-CH,-CH), 1.62-1.45 (m, 2H, Ph,;-CH,-CH-CHy,), 1.02 (t, J = 7.1 Hz, 3H, COO-
41 CH,-CH3), 0.83 (t, J = 7.4, 3H, CH-CH,-CH3;); ’C-NMR (methanol-d,, 8): 175.7, 168.5, 157.4,
a4 156.5, 143.7, 136.1, 134.0, 132.4, 130.2, 129.5, 128.8, 128.7, 127.0, 126.9, 126.8, 125.3, 123.1,
46 122, 121.5, 118.5, 118.3, 115.9, 60.1, 42.2, 25.2, 13.2, 10.5; HRMS: measured m/z [M+H]"
48 370.2017 (theoretical: 370.2013).

51 2-Ethyl 3-[4-(N-((4-phenoxy)benzyl)benzamide)]propionic acid (12¢). Yield: 0.03 g (30
53 %); '"H NMR (methanol-d,, 8): 7.69-6.82 (m, 13H, OCNH-Ph;+Ph;-OCNH-CH,-Ph,), 4.44 (s,

2H, Ph;-OCNH-CH,), 2.89-2.69 (m, 2H, Ph;-CH,), 2.54-2.44 (m, 1H, Ph;-CH,-CH), 1.62-1.41
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(m, 2H, Ph;-CH,-CH-CH,), 0.85 (t, J = 7.6, 3H, CH-CH,-CH3); *C-NMR (methanol-d,, d):
177.5, 168.6, 157.4, 156.4, 133.9, 132.4, 132.2, 129.4, 128.8, 128.7, 127.0, 126.9, 126.8, 125.3,
123.1, 122.9, 121.5, 118.5, 118.3, 118, 47.6, 42.2, 37.5, 25.0, 10.6; HRMS: measured m/z
[M+H]" 404.1858 (theoretical: 404.1856).

(E)-4-[N-((4-Phenoxy)benzyl)benzamide]-alpha-ethylcinnamic acid (12d). Yield: 0.02 g
(16 %); '"H NMR (methanol-d,, 8) 7.96-6.95 (m, 14H, OCNH-Ph,+Ph;-OCNH-CH,-Ph,+Ph;-
CH+Ph,-O-Phs), 4.60 (s, 2H, Ph;-OCNH-CH,), 2.56 (q, / = 7.1 Hz, 2H, CH-C-CH,), 1.20 (t, J =
7.5 Hz, 3H, C-CH,-CH3); PC-NMR (methanol-d4, 8): 169.8, 168.1, 157.4, 155.4, 139.1, 137,
136.5, 133.9, 133.8, 133.8, 129.5, 128.9, 128.8, 127.9, 127.2, 126.9, 122.9, 122.8, 121.5, 118.5,
118.3, 115.9, 42.8, 20.3, 12.8; HRMS: measured m/z [M+H]" 402.1696 (theoretical: 402.1699).

4-Formyl-N-(4-fluoro-2-(trifluoromethyl)benzyl)benzamide (13). Yield: 1.37 g (67 %); 'H
NMR (DMSO-dg, 9): 10.11 (s, 1H, Ph;-CHO), 9.34 (t, J = 5.5 Hz, 1H, Ph;-OCNH), 8.17-8.01
(m, 4H, CHO-Ph,), 7.68-7.51 (m, 3H, OCNH-CH,-Ph,), 4.66 (d, J = 5.5 Hz, 2H, Ph;-OCNH-
CHy). MS-ESL: m/z 326 [M+H"].

Ethyl (E)-4-[N-((4-fluoro(2-trifluoromethyl))benzyl)benzamide]-alpha-ethylcinnamate
(13a). Yield: 0.85 g (70 %); "H NMR (DMSO-ds, 8): 9.19 (t, J = 5.3 Hz, 1H, Ph,-OCNH), 8.00—
7.53 (m, 8H, OCNH-Ph;+Ph;-OCNH-CH;-Ph,+Ph;-CH), 4.65 (d, J =4.6 Hz, 2H, Ph;,-OCNH-
CH,), 4.24 (q, J =7 Hz, 2H, C-COO-CHy), 2.48 (q, J = 8.5 Hz, 2H, CH-C-CH,), 1.30 (t, / = 7.4
Hz, 3H, COO-CH,-CH3), 1.13 (t, J = 7.1 Hz, 3 H, C-CH,-CH3); "C-NMR (DMSO-dy, 5): 175.4,
165.3, 141.9, 136.3, 135.3, 135.1, 132.6, 132.5, 129.4, 128.8, 128.2, 126.1, 126, 125.3, 125.1,
124.8, 124.1, 60.4, 40.1, 24.6, 14.1, 11; HRMS: measured m/z [M+H]" 424.1530 (theoretical:

424.1530).
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Ethyl 2-ethyl 3-[4-(N-(4-fluoro(2-trifluoromethyl)benzyl)benzamide)]propanoate (13b).
Yield: 0.2 g (90 %); "H NMR (methanol-dy, 8): 7.83-7.18 (m, 7H, OCNH-Ph;+Ph;-OCNH-CH,-

Ph,), 4.63 (s, 2H, Ph;-OCNH-CH,), 4.01-3.86 (m, 2H, CH-COO-CH,), 2.88-2.72 (m, 2H, Ph;-
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CHy), 2.59-2.49 (m, 1H, Ph;-CH,-CH), 1.65-1.43 (m, 2H, Ph,;-CH,-CH-CH), 1.03 (t, J = 7.04
13 Hz, 3H, COO-CH,-CH3), 0.84 (t, J = 7.7, 3H, CH-CH,-CH3); >*C-NMR (methanol-dj, 8): 175.6,
15 168.8, 163.0, 159.7, 143.8, 133.1, 131.9, 131.0, 130.9, 128.9, 127.1, 118.9, 118.6, 113.3, 112.9,
18 60.0, 49.1, 39.3, 37.4, 25.2, 13.0, 10.6; HRMS: measured m/z [M+H]" 426.1686 (theoretical:
20 426.1687).

22 2-Ethyl 3-[4-(N-(4-fluoro(2-trifluoromethyl)benzyl)benzamide)]propionic acid (13c).
25 Yield: 0.05 g (50 %); '"H NMR (methanol-dy, 6): 7.84-7.18 (m, 7H, OCNH-Ph;+Ph;-OCNH-
27 CH,-Phy), 4.64 (s, 2H, Ph;-OCNH-CH,), 2.91-2.71 (m, 2H, Ph;-CH,), 2.55-2.45 (m, 1H, Ph;-
29 CH,-CH), 1.64-1.42 (m, 2H, Ph;-CH,-CH-CHy,), 0.86 (t, J = 7.6, 3H, CH-CH,-CHs); *C-NMR
32 (methanol-ds, 9): 177.5, 168.9, 159.7, 144.8, 143.1, 133.1, 131.8, 131.0, 131.0, 128.8, 127.1,
34 118.8, 118.6, 112.9, 112.9, 60.0, 46.7, 37.5, 25.0, 10.6; HRMS: measured m/z [M+H]" 398.137
(theoretical: 398.1374).

39 (E)-4-[N-((4-Fluoro(2-trifluoromethyl))benzyl)benzamide]-alpha-ethylcinnamic acid
41 (13d). Yield: 0.06 g (60 %); 'H NMR (methanol-d,, &) 8.11-7.36 (m, 8H, OCNH-Ph,+Ph;-
a4 OCNH-CH,-Ph,+Ph;-CH), 4.79 (s, 2H, Ph;-OCNH-CHy), 2.57 (q, J = 7.43 Hz, 2H, CH-C-CH)),
46 1.20 (t, J = 7.4 Hz, 3H, C-CH,-CH;); "C-NMR (methanol-ds, 8): 169.7, 168.4, 141.9, 139.4,
48 136.9, 136.7, 133.5, 131.2, 131.0, 128.9, 128.2, 127.3, 126, 125.3, 125.1, 124.8, 124.1, 39.4,
51 20.4, 12.8; HRMS: measured m/z [M+H]" 396.1215 (theoretical: 396.1217).

53 4-Formyl-N-(4-methoxy-2-(trifluoromethyl)benzyl)benzamide (14). Yield: 1.41 g (70 %);

'H NMR (DMSO-ds, 8): 10.09 (s, 1H, Ph;-CHO), 9.23 (t, J = 5.9 Hz, 1H, Ph;-OCNH), 8.1-8 (m,
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4H, CHO-Ph;), 7.48 (d,J = 9.5 Hz, 1H, OCNH-CH,-Ph,-3H), 7.26-7.2 (m, 2H, OCNH-CH,-Ph;’
2,5H), 4.60 (d, J = 5.7 Hz, 2H, Ph;-OCNH-CH,), 3.81 (s, 1H, CH,-Ph,-4-OCH3). MS-ESI: m/z
338 [M+H"].

Ethyl (E)-4-[N-((4-methoxy(2-trifluoromethyl))benzyl)benzamide]-alpha-ethylcinnamate
(14a). Yield: 0.9 g (70 %); '"H NMR (DMSO-d, 5): 9.10 (t, J = 4.7 Hz, 1H, Ph)-OCNH), 8.02—
7.24 (m, 7H, OCNH-Ph;+Ph;-OCNH-CH,-Ph,), 7.40 (s, 1H, OCNH-Ph,-CH), 4.61 (d, J = 5.1
Hz, 2H, Ph;-OCNH-CHy), 4.25 (q, J = 7.1 Hz, 2H, C-COO-CH,), 2.45 (q, J = 7.7 Hz, 2H, CH-
C-CHy), 1.30 (t, J = 8.5 Hz, 3H, COO-CH,-CH3), 1.12 (t, J = 7.2 Hz, 3 H, C-CH,-CH;); "°C-
NMR (DMSO-ds, 3): 168.4, 166.3, 158.9, 136.4, 136.3, 135.9, 135.6, 132.5, 129.4, 128.8, 128.2,
126.3, 126.1, 125.3, 125, 124.8, 124.1, 60.1, 55.3, 40.1, 23.6, 13.0, 11.0; HRMS: measured m/z
[M+H]" 436.1728 (theoretical: 436.1730).

Ethyl 2-ethyl 3-[4-(N-(4-methoxy(2-trifluoromethyl)benzyl)benzamide) propanoate (14b).
Yield: 0.2 g (90 %);'H NMR (methanol-d,, 8): 7.71-7.02 (m, 7H, OCNH-Ph,+Ph;-OCNH-CH,-
Phy), 4.59 (s, 2H, Ph;-OCNH-CH,), 4.01-3.86 (m, 2H, CH-COO-CH,), 3.74 (s, 3H, Ph,-O-CH3),
2.87-2.72 (m, 2H, Ph;-CH,), 2.59-2.49 (m, 1H, Ph;-CH,-CH), 1.65-1.43 (m, 2H, Ph,;-CH,-CH-
CH,), 1.03 (t, J = 7 Hz, 3H, COO-CH,-CH3), 0.84 (t, J = 7.3, 3H, CH-CH,-CH3); "C-NMR
(methanol-ds, 9): 175.7, 168.8, 158.8, 151.2, 143.9, 132.1, 130.3, 128.8, 128.7, 128.6, 128.3,
127.2, 116.7, 111.8, 111.7, 67.9, 59.9, 55.1, 39.5, 37.9, 25.1, 13.2, 10.8; HRMS: measured m/z
[M+H]" 438.1882 (theoretical: 438.1887).

2-Ethyl 3-[4-(N-(4-methoxy(2-trifluoromethyl)benzyl)benzamide)]propionic acid (14c).
Yield: 0.7 g (79 %); "H NMR (DMSO-ds, 8): 12.15 (s, CH,-CH-COOH), 8.97 (t, J = 5.6 Hz, 1H,
Ph,-OCNH), 7.87-7.20 (m, 8H, OCNH-Ph;+Ph;-OCNH-CH,-Ph,), 4.58 (d, 2H, J = 5.5, Ph;-

OCNH-CH»), 3.81 (s, 3H, Ph,-O-CHj3), 2.94-2.72 (m, 2H, CH,-CH-CH»), 2.90-2.72 (m, 1H,
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Ph,-CH,-CH), 1.57-1.46 (m, Ph;-CH,), 0.90 (t, J = 7.5 Hz, CH-CH,-CH3). >*C-NMR (DMSO-
ds, 0): 176.8, 166.8, 158.5, 144.3, 132.4, 130.8, 129.6, 129.3, 128, 127.8, 127.4, 126.5, 122.8,

118.2, 112.1, 56.3, 50.5, 48.4, 37.5, 25.1, 11.8; HRMS: m/z 410.1572 (theoretical: 410.1573).

©CoO~NOUTA,WNPE

(E)-4-[N-((4-Methoxy(2-trifluoromethyl))benzyl)benzamide]-alpha-ethylcinnamic  acid
13 (14d). Yield: 0.05 g (55 %); '"H NMR (methanol-dy4, &) 7.97-6.65 (m, 8H, OCNH-Ph;+Ph;-
15 OCNH-CH,-Ph,+Ph;-CH), 4.75 (s, 2H, Ph;-OCNH-CH.), 3.87 (s, 3H, Ph,-CH3), 2.57 (q, J = 7.6
18 Hz, 2H, CH-C-CH,), 1.20 (t, J = 7.4 Hz, 3H, C-CH,-CH3); ?C-NMR (methanol-d,, 8): 169.7,
20 168.3, 158.9, 139.3, 137.1, 136.6, 133.6, 130.5, 128.9, 128.1, 127.9, 127.3, 126.9, 126.1, 116.7,
22 112, 111.8, 54.7, 20.3, 12.6; HRMS: measured m/z [M+H]" 408.1415 (theoretical: 408.1417).

25 3-Formyl-N-(2-(trifluoromethyl)benzyl)benzamide (15). Yield: 1.38 g (70 %); 'H NMR
27 (DMSO-ds, 6): 10.11 (s, 1H, Ph;-CHO), 9.36 (t, J/ = 5.9 Hz, 1H, Ph;-OCNH), 8.27-8.10 (m, 4H,
29 CHO-Ph,), 7.79-7.46 (m, 4H, OCNH-CH,-Ph,), 4.71 (d, J = 5.8 Hz, 2H, Ph;-OCNH-CH,). MS-
32 ESL: m/z 308 [M+H"].

34 Ethyl (E)-3-[N-((2-trifluoromethyl)benzyl)benzamide]-alpha-ethylcinnamate (15a). Yield:
0.91 g (70 %); '"H NMR (methanol-dj, 8): 7.82—7.32 (m, 8H, OCNH-Ph,+Ph;-OCNH-CH,-Ph,),
39 7.48 (s, 1H, OCNH-Ph,-CH), 4.70 (s, 2H, Ph;-OCNH-CH,), 4.18 (q, J = 7.22 Hz, 2H, COO-
41 CH,), 2.45 (q, J = 7.6 Hz, 2H, CH-C-CH,), 1.25 (t, J = 7.1 Hz, 3H, COO-CH,-CHa), 1.07 (t, J =
a4 7.6 Hz, 3 H, C-CH,-CH3); >C-NMR (methanol-d,, 5): 169.9, 169.4, 138.5, 137.5, 137.4, 135.8,
46 133.5, 133.2, 130, 129.8, 128.5, 128.3, 127.1, 127, 125, 124.8, 124.1, 62.1, 41.3, 21.7, 14.6,
48 14.1; HRMS: measured m/z [M+H]" 405.1552 (theoretical: 405.1553).

51 Ethyl 2-ethyl 3-[3-(N-((2-trifluoromethyl)benzyl)benzamide)]propanoate (15b). Yield:
53 0.14 g (55 %); '"H NMR (methanol-dy, 8): 7.65-7.27 (m, 8H, OCNH-Ph,+Ph;-OCNH-CH,-Ph,),

4.69 (s, 2H, Ph;-OCNH-CH,), 3.93 (q, J = 7.2, 2H, CH-COO-CHy), 2.87-2.74 (m, 2H, Ph;-
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CH,), 2.59-2.51 (m, 1H, Ph;-CH,-CH), 1.64-1.46 (m, 2H, Ph;-CH,-CH-CH,), 1.01 (t, J = 7.1
Hz, 3H, COO-CH,-CH3), 0.84 (t, J = 7.4 Hz, 3H, CH-CH,-CH3); BC.NMR (methanol-dy, 0):
177.1, 168.8, 141.6, 140.5, 135.4, 133.5, 133.5, 129.7, 129.1, 128.5, 127.1, 126.5, 125.5, 125.4,
124.9, 61.5, 50.7, 39.8, 39.2, 26.5, 14.6, 12.1; HRMS: measured m/z [M+H]" 408.1781
(theoretical: 408.1781).

2-Ethyl 3-[3-(N-((2-trifluoromethyl)benzyl)benzamide)]propionic acid (15¢). Yield: 0.06 g
(60 %); "H NMR (DMSO-ds, 3): 12.15 (s, COOH), 9.13 (t, J = 5.5 Hz, 1H, Ph,-OCNH), 7.85-
7.43 (m, 8H, OCNH-Ph;+Ph;-OCNH-CH,-Ph,), 4.72 (d, 2H, J = 5.1 Hz, Ph;-OCNH-CH,), 2.99—
2.78 (m, 2H, CH,-CH-CH,), 2.66-2.60 (m, 1H, Ph;-CH,-CH), 1.66—1.50 (m, Ph;-CH,), 0.95 (t, J
= 7.3 Hz, CH-CH,-CH3). C-NMR (DMSO-dy, 8): 176.5, 167.0, 140.5, 138.2, 134.4, 133.1,
132.4, 128.7, 128.7, 128.2, 127.7, 126.2, 126.1, 125.6, 122.8, 48.7, 39.4, 37.6, 25.1, 11.9;
HRMS: measured m/z [M+H]" 380.1473 (theoretical: 380.1468).

(E)-3-[N-((2-Trifluoromethyl)benzyl)benzamide]-alpha-ethylcinnamic acid (15d). Yield:
0.05 g (50 %); '"H NMR (DMSO-dq): 12.66 (s, IH, COOH), 9.22 (t, J = 5.8, 1H, OCNH), 8.02—
7.47 (m, 8H, OCNH-Ph;+Ph;-OCNH-CH,-Ph,+OCNH-Ph,-CH), 4.73 (d, J = 6, 2H, Ph;-OCNH-
CH,), 2.54-2.43 (m, 2H, CH-C-CH)), 1.17 (t, J = 7.2 Hz, 3 H, C-CH,-CH3); "C-NMR (DMSO-
ds, 8): 170.0, 165.0, 137.5, 137.0, 136.0, 135.6, 133.4, 133.0, 130.0, 129.4, 128.3, 128.3, 127.2,
127.0, 124.9, 124.8, 124.1, 38.2, 20.1, 14.2; HRMS: measured m/z [M+H]" 377.3571
(theoretical: 377.3572).

Ethyl (E)-4-[N-((2-trifluoromethyl)benzyl)benzamide]-cinnamate (16a). Yield: 0.78 g (67
%); '"H NMR (DMSO-ds, 8): 9.19 (t, J = 6 Hz, 1H, Ph,-OCNH), 8.00-7.47 (m, 9H, OCNH-
Ph;+Ph;-OCNH-CH,-Ph; +Ph;-CH), 6.77 (d, J = 16.2 Hz, 1H, Ph;-CH-CH), 4.69 (d, J = 5.7 Hz,

2H, Ph;-OCNH-CH»), 4.33 (q, J = 7.5 Hz, 2H, CH-COO-CH,), 1.28 (t, J = 7.4 Hz, 3H, COO-
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CH,-CH3); "C-NMR (DMSO-dy, 8): 170.9, 168.4, 137.5, 136.5, 136.4, 135.8, 132.5, 131.2, 130,

129.6, 128.4, 128.1, 127.5, 127.3, 125.1, 124.8, 124.2, 62.3, 41.1, 14.1; HRMS: measured m/z

©CoO~NOUTA,WNPE

[M+H]" 378.1312 (theoretical: 378.1312).

Ethyl 3-[4-(N-((2-trifluoromethyl)benzyl)benzamide)]propanoate (16b). Yield: 0.24 g (95
13 %); '"H NMR (DMSO-ds, 8): 9.10 (t, J = 5.8 Hz, 1H, OCNH), 7.94-7.35 (m, 8H, OCNH-
15 Ph;+Ph;-OCNH-CH,-Ph,), 4.71 (d, J = 6.2 Hz, 2H, Ph;-OCNH-CH.), 4.10 (q, J = 7 Hz, 2H,
18 CH,-COO-CH,), 2.97 (t, J = 7.6 Hz, 2H, Ph|-CH,), 2.71 (t, J = 7.1 Hz, 2H, Ph;-CH,-CH,), 1.21
20 (t, J = 7 Hz, 3H, COO-CH,-CH3); "C-NMR (DMSO-ds, 8): 177.1, 168.8, 141.6, 140.5, 135.4,
22 133.5, 133.5, 129.7, 129.1, 128.5, 127.1, 126.5, 125.5, 125.4, 124.9, 61.5, 50.7, 39.8, 39.2;
25 HRMS: measured m/z [M+H]" 380.1468 (theoretical: 380.1468).

27 3-[4-(N-((2-trifluoromethyl)benzyl)benzamide)]propionic acid (16¢). Yield: 0.05 g (50 %);
29 'H NMR (DMSO-ds, 8): 12.21 (s, 1H, COOH), 9.04 (t, J = 6.8 Hz, 1H, OCNH), 7.86-7.34 (m,
32 8H, OCNH-Ph;+Ph;-OCNH-CH,-Ph,), 4.65 (d, J = 5.6 Hz, 2H, Ph;-OCNH-CHy,), 2.88 (t, J = 8,
34 2H, Ph-CH,), 2.57 (t, J = 8.6 Hz, 2H, Ph;-CH,-CH,); *C-NMR (DMSO-ds, 8): 174.0, 166.7,
145.0, 138.3, 135.4, 133.1, 132.2, 129.7, 129.1, 128.8, 127.8, 126.3, 125.5, 125.4, 123.4, 50.7,
39 39.8, 35.5; HRMS: measured m/z [M+H]" 352.1156 (theoretical: 352.1155).

41 (E)-4-[N-((2-Trifluoromethyl)benzyl)benzamide]-cinnamic acid (16d). Yield: 0.07 g (72
44 %); "H NMR (DMSO-dg, 5): 12.4 (s, IH, COOH), 9.1 (t, J = 5.5 Hz, 1H, Ph,-OCNH), 7.91-7.38
46 (m, 9H, OCNH-Ph,+Ph;-OCNH-CH,-Ph, +Ph;-CH), 6.58 (d, J = 16 Hz, 1H, H), 4.60 (d, J =
48 5.7 Hz, 2H, Ph;-OCNH-CH,); *C-NMR (DMSO-ds, 8): 169.8, 168.3, 139.3, 137.0, 136.7,
51 133.5, 132.1, 128.9, 128.3, 127.9, 127.3, 127.1, 127.0, 126.9, 126.7, 125.7, 125.6, 40.0; HRMS:

53 measured m/z [M+H]" 350.1 (theoretical: 350.1).
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Ethyl (E)-4-[N-((2-trifluoromethyl)benzyl)benzamide]-alpha-methylcinnamate (17a).
Yield: 0.83 g (65 %); '"H NMR (DMSO-ds, 8): 9.23 (t, J = 6 Hz, 1H, Ph-OCNH), 8.06-7.51 (m,
9H, OCNH-Ph;+Ph;-OCNH-CH,-Ph,+Ph,-CH), 4.73 (d, J = 5.6 Hz, 2H, Ph;-OCNH-CH,), 4.28
(q, J =7.2 Hz, 2H, C-COO-CHy,), 3.37 (d, J = 2.1, 3H, CH-C-CHs), 1.34 (t, J/ = 7 Hz, 3H, COO-
CH,-CH3); "C-NMR (DMSO-d;, 8): 168, 165, 139.5, 136.4, 136.3, 135.8, 129.5, 129.1, 128.9,
127.4, 127.1, 126.5, 126.3, 125.9, 125.1, 124.4, 124.2, 59.9, 42.1, 13.7, 11.9; HRMS: measured
m/z [M+H]" 392.1469 (theoretical: 392.1468).

Ethyl 2-methyl 3-[4-(N-((2-trifluoromethyl)benzyl)benzamide)]propanoate (17b). Yield:
0.2 g (93 %); "H NMR (DMSO-dy, 8): 9.04 (t, J = 6 Hz, 1H, OCNH), 7.86-7.27 (m, 8H, OCNH-
Ph;+Ph;-OCNH-CH,-Phy), 4.65 (d, J = 5.5 Hz, 2H, Ph;-OCNH-CH,), 4.01 (q, J = 6.8 Hz, 2H,
CH-COO-CHy), 3.00-2.88 (m, 1H, Ph;-CH,-CH), 2.82-2.7 (m, 2H, Ph;-CH>), 1.14-1.05 (m, 6H,
COO-CH,-CH3+CH,-CH-CH3); C-NMR (DMSO-ds, 8): 177.4, 166.8, 143.5, 140.5, 133.1,
1325, 131.5, 129.7, 129.3, 128.6, 127.8, 126.5, 125.5, 125.4, 124.9, 60.2, 50.7, 39.8, 39.2, 17.2,
14.6; HRMS: measured m/z [M+H]" 394.1625 (theoretical: 394.1525).

2-Methyl 3-[4-(N-((2-trifluoromethyl)benzyl)benzamide)]propionic acid (17¢). Yield: 0.05
g (50 %); '"H NMR (DMSO-ds, 3): 12.17 (s, 1H, COOH), 9.04 (t, J = 6.2 Hz, 1H, OCNH), 7.86—
7.30 (m, 8H, OCNH-Ph;+Ph;-OCNH-CH,-Ph,), 4.65 (d, J = 6.6 Hz, 2H, Ph;-OCNH-CH,), 3.00-
2.90 (m, 1H, Ph;-CH,-CH), 2.73-2.64 (m, 2H, Ph,-CH), 1.05 (d, J = 6.4, 3H, CH,-CH-CHj);
BC-NMR (DMSO-ds, 8): 177.1, 166.7, 143.9, 140.5, 133.2, 132.4, 131.5, 129.4, 129.3, 128.6,
127.7, 126.5, 125.4, 125.4, 124.8, 50.7, 40.8, 39.1, 17.2; HRMS: measured m/z [M+H]"
366.1314 (theoretical: 366.1312).

(E)-4-[N-((2-Trifluoromethyl)benzyl)benzamide]-alpha-methylcinnamic acid (17d). Yield:

0.07 g (71 %); 'H NMR (DMSO-dy, 8): 12.62 (s, 1H, COOH), 9.23 (t, J = 5.8 Hz, 1H, Ph,-
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OCNH), 8.06-7.51 (m, 9H, OCNH-Ph;+Ph;-OCNH-CH,-Ph;, +Ph;-CH), 4.74 (d, J = 5.6 Hz, 2H,
Ph;-OCNH-CH,), 2.12 (d, J = 1.4, 3H, CH-C-CH3); "C-NMR (DMSO-dy, 8): 169.1, 166, 138.6,
137.5, 136.7, 134.9, 133.5, 132.7, 130.2, 130.0, 130.0, 129.6, 128.2, 127.5, 127.4, 127.3, 126.8,
41.1, 12.3; HRMS: measured m/z [M+H]" 364.1158 (theoretical: 364.1155).

Ethyl (E)-4-[N-((2-trifluoromethyl)benzyl)benzamide]-alpha-propylcinnamate (18a).
Yield: 0.81 g (65 %); '"H NMR (DMSO-ds, 8): 9.18 (t, J = 6 Hz, 1H, Ph-OCNH), 8.00-7.30 (m,
9H, OCNH-Ph;+Ph;-OCNH-CH,-Ph; +Ph;-CH), 4.67 (d, J = 5.3 Hz, 2H, Ph;-OCNH-CH,), 4.23
(q, J = 7.4 Hz, 2H, C-COO-CH,), 2.49-2.30 (m, 2H, CH-C-CH,), 1.56-1.47 (m, 2H, C-CH,-
CH,), 1.34 (t, J = 7 Hz, 3H, COO-CH»-CH3), 0.90 (t, J = 7 Hz, 3H, CH,-CH,-CH;); "C-NMR
(DMSO-dg, 6): 167.0, 165.5, 138.5, 136.3, 136.2, 135.7, 130.5, 129.1, 128.7, 127.1, 127.0, 126.5,
126.2, 126.1, 125.7, 125.0, 124.6, 60.0, 42.1, 29.0, 20.1, 14.2, 13.7; HRMS: measured m/z
[M+H]" 420.1780 (theoretical: 420.1781).

Ethyl 2-propyl 3-[4-(N-((2-trifluoromethyl)benzyl)benzamide)]propanoate (18b). Yield:
0.17 g (66 %); '"H NMR (DMSO-ds, 3): 9.06 (t, J = 5.75 Hz, 1H, OCNH), 7.85-7.28 (m, 8H,
OCNH-Ph;+Ph;-OCNH-CH,-Ph,), 4.65 (d, J = 4.25 Hz, 2H, Ph;-OCNH-CH,), 3.99 (q, / = 7.3
Hz, 2H, CH-COO-CH;), 3.07-2.90 (m, 2H, Ph;-CH,), 2.82-2.76 (m, 1H, Ph;-CH,-CH), 1.61-
1.39 (m, 2H, Ph;-CH,-CH-CH,), 1.07 (t, J = 7.2 Hz, 3H, COO-CH,-CH3), 1.35-1.16 (m, 2H,
Ph;-CH,-CH-CH,-CHy), 0.85 (t, J = 7.13 Hz, 3H, CH-CH,.CH,-CH3); "C-NMR (DMSO-dy, 3):
175.0, 166.7, 143.5, 138.1, 132.9, 132.4, 131.5, 129.7, 129.2, 128.6, 127.7, 126.2, 125.5, 125.4,
124.9, 427, 38.1, 34.6, 34.4, 20.3, 14.5, 14.2; HRMS: measured m/z [M+H]" 422.1936
(theoretical: 422.1937).

2-Propyl 3-[4-(N-((2-trifluoromethyl)benzyl)benzamide)]propionic acid (18c). Yield: 0.02

g (20 %); "H NMR (DMSO-ds, 8): 12.47 (s, 1H, CCOH), 9.04 (t, J = 4.7 Hz, 1H, OCNH), 7.85—
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7.29 (m, 8H, OCNH-Ph;+Ph;-OCNH-CH;-Ph,), 4.65 (d, J = 5.5 Hz, 2H, Ph;-OCNH-CH,), 2.91-
2.71 (m, 2H, Ph;-CHy), 2.65-2.45 (m, 1H, Ph;-CH,-CH), 1.59-1.20 (m, 4H, Ph;-CH,-CH-
CH»+CH,-CH-CH,-CHy), 1.35-0.85 (t, J = 7.1 Hz, 3H, CH-CH,.CH,-CH3); ’C-NMR (DMSO-
ds, 8): 176.6, 167.1, 144.0, 138.4, 133.2, 132.4, 131.5, 129.4, 129.2, 128.1, 127.7, 126.2, 125.9,
125.4, 124.9, 38.0, 34.6, 34.1, 20.3, 14.5; HRMS: measured m/z [M+H]" 394.1623 (theoretical:
394.1625).

(E)-4-[N-((2-Trifluoromethyl)benzyl)benzamide]-alpha-propylcinnamic acid (18d). Yield:
0.02 g (18 %); '"H NMR (DMSO-dy, 8): 12.67 (s, 1H, COOH), 9.17 (t, J = 5.9 Hz, 1H, Ph,-
OCNH), 8.05-7.41 (m, 9H, OCNH-Ph;+Ph;-OCNH-CH,-Ph, +Ph;-CH), 4.69 (d, J = 5.2 Hz, 2H,
Ph;-OCNH-CH,), 2.55-2.33 (m, 2H, CH-C-CH,), 1.60-1.42 (m, 2H, C-CH,-CH), 0.91 (t, J =
7.7 Hz, 3H, CH,-CH,-CH3); *C-NMR (DMSO-dy, §): 168.9, 166.0, 138.5, 137.5, 137.4, 136.8,
135.1, 133.8, 133.5, 132.7, 129.3, 129.0, 128.5, 128.2, 127.6, 127.3, 125.9, 42.1, 29, 18.4, 14.0;
HRMS: measured m/z [M+H]" 392.1471 (theoretical: 392.1468).

Ethyl (E)-4-[N-((2-trifluoromethyl)benzyl)benzamide]-alpha-phenylcinnamate (19a).
Yield: 0.62 g (60 %); '"H NMR (DMSO-ds, 8): 9.06 (t, J = 6 Hz, 1H, Ph-OCNH), 7.98-7.15 (m,
14H, OCNH-Ph;+Ph;-OCNH-CH;-Ph,+Ph;-CH+C-Ph,), 4.62 (d, J = 6 Hz, 2H, Ph;-OCNH-
CH,), 4.23 (q, J = 6.6 Hz, 2H, C-COO-CHy,), 1.24 (t, J = 7.4 Hz, 3H, COO-CH,-CH;); "C-NMR
(DMSO-ds, 6): 166.5, 165.3, 136.5, 136.3, 136.2, 135.7, 134.2, 130.5, 129.1, 128.8, 128.6, 128.5,
128.4, 127.7, 127.1, 126.6, 126.5, 126.6, 126.2, 126.1, 125.7, 125, 124.6, 60.0, 42.1, 13.7;
HRMS: measured m/z [M+H]" 454.1622 (theoretical: 454.1625).

Ethyl 2-phenyl 3-[4-(N-((2-trifluoromethyl)benzyl)benzamide)]propanoate (19b). Yield:
0.1 g (40 %); '"H NMR (DMSO-ds, 8): 9.02 (t, J = 6 Hz, 1H, OCNH), 7.81-7.24 (m, 13H,

OCNH-Ph;+Ph;-OCNH-CH,-Ph,+CH,-CH-Phys), 4.63 (d, J = 5.5 Hz, 2H, Ph;-OCNH-CH,),
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4.08-3.92 (m, 2H, CH-COO-CH,), 3.4-3.31 (m, 2H, Ph;-CH,), 3.11-3.03 (m, 1H, Ph;-CH,-CH),
1.07 (t, J = 7.1 Hz, 3H, COO-CH,-CH3); *C-NMR (DMSO-ds, 5): 173.0, 166.8, 143.1, 139,
138.2, 138.1, 133.1, 132.5, 129.4, 129.0, 128.6, 128.3, 127.7, 127.7, 127.7, 126.6, 126.5, 126.6,
126.2, 126.1, 125.7, 125, 124.6, 60.9, 19.0, 14.5; HRMS: measured m/z [M+H]" 456.1785
(theoretical: 456.1781).

2-Phenyl 3-[4-(N-((2-trifluoromethyl)benzyl)benzamide)]propionic acid (19¢). Yield: 0.2 g
(16 %); "H NMR (DMSO-ds, 8): 12.47 (s, 1H, COOH), 9.08 (t, J = 6.9 Hz, 1H, OCNH), 7.87-
7.27 (m, 13H, OCNH-Ph;+Ph;-OCNH-CH,-Ph,+CH,-CH-Phs), 4.70 (d, J = 5.4 Hz, 2H, Ph;-
OCNH-CH»), 3.45-3.05 (m, 2H, Ph;-CH,), 4.00 (t, J = 7.8, 1H, Ph;-CH,-CH); “C-NMR
(DMSO-ds, 6): 174.7, 166.9, 143.7, 139.4, 138.2, 138.1, 133.2, 132.2, 129.3, 128.8, 128.6, 128.3,
127.7,127.7, 127.7, 126.6, 126.5, 126.6, 126.2, 126.1, 125.7, 125, 124.6, 52.7; HRMS: measured
m/z [M+H]" 428.1465 (theoretical: 428.1468).

(E)-4-[N-((2-Trifluoromethyl)benzyl)benzamide]-alpha-phenylcinnamic acid (19d). Yield:
0.02 g (17 %); '"H NMR (DMSO-ds, 3): 8.94 (t, J = 5.8 Hz, 1H, Ph,-OCNH), 7.79-6.91 (m, 14H,
OCNH-Ph;+Ph;-OCNH-CH,-Ph,+Ph;-CH+C-Phy), 4.54 (d, J = 5.5 Hz, 2H, Ph;-OCNH-CH,);
BC-NMR (DMSO-ds, 8): 166.2, 155.5, 129.6, 129.2, 129, 128.9, 128.3, 128.2, 128.1, 128.0,
128.0, 128.0, 127.5, 127.2, 126.9, 126.2, 125.8, 125.8, 126.1, 126.0, 125.3, 125.0, 124.6, 41.0;

HRMS: measured m/z [M+H]" 426.1309 (theoretical: 426.1312).

(E)-N-Methoxy-N-methyl 3-[4-(N-((2-trifluoromethyl)benzyl)benzamide)]but-2-enamide
(20). To a solution of 1 g (3.3 mmol) 4-formyl-N-(2-(trifluoromethyl)benzyl)benzamide (1) in 20
ml chloroform under argon atmosphere was added 1.3 g (3.6 mmol) N-Methoxy-N-

methyl(triphenylphosphoranylidene)acetamide. After 16 h the solvent was evaporated under
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reduced pressure. The crude product was purified by flash chromatography with solvent mixture
of EE/Hex in the ratio 1:1. A white solid remained as pure product. Yield: 0.6 g (47 %); 'H NMR
(DMSO-dg, 6): 9.20 (t, J = 5.8 Hz, 1H, Ph;-OCNH), 8.00-7.20 (m, 10H, OCNH-Ph;+OCNH-
CH;-Ph,+Ph;-CH+Ph,-CH-CH), 4.70 (d, J = 5.4 Hz, 2H, Ph;-OCNH-CH»), 3.78 (s, 3H, OCN-O-
CHj3), 3.25 (s, 3H, OCN-CH3). MS-ESI: m/z 393 [M+H"].

N-Methoxy-N-methyl 3-[4-(N-((2-
trifluoromethyl)benzyl)benzamide)]cyclopropanecarboxamide (21). To a solution of 561 mg
(2.6 mmol) trimethylsulfoniumiodide in 3.15 ml dry DMSO under argon atmosphere was added
97 mg (2.55 mmol) NaH in small portions. After the reaction mixture was stirred for 1 h, a
solution of 500 mg (1.3 mmol) (E)-N-methoxy-N-methyl 3-[4-(N-((2-
trifluoromethyl)benzyl)benzamide)]but-2-enamide (20) in 1.05 ml dry DMSO was injected. The
reaction was quenched with 10 ml saturated NH4Cl solution after 6 h. The product was extracted
three times with 5 ml DCM. The collected organic layers were washed once with 4 ml brine and
dried over MgSO4. The solvent was removed under reduced pressure. The pure product was
recrystallized from a EE/Hex mixture and occurred as white solid. Yield: 0.62 g (60 %); 'H
NMR (DMSO-dg, 6): 9.06 (t, J = 5.4 Hz, 1H, OCNH), 7.88-7.31 (m, 8H, OCNH-Ph;+Ph;-
OCNH-CH;-Phy), 4.67 (d, J = 5.4 Hz, 2H, Ph;-OCNH-CH,), 3.66 (s, 3H, OCN-O-CH3), 3.16 (s,
3H, OCN-CHj3), 2.57-2.36 (m, 2H, Ph;-CH+Ph;-CH-CH), 1.54—1.40 (m, 2H, Ph,;-CH-CH,); "*C-
NMR (DMSO-ds, 0): 167.4, 143.8, 135.7, 130.8, 130.6, 126.9, 126.4, 126.2, 126.1, 125.7, 124.6,
124.3, 123.0, 122.3, 122.0, 38.5, 37.4, 32, 27.8, 24, 20.6; HRMS: measured m/z [M+H]"
407.1578 (theoretical: 407.1577).

2-[4-(N-((2-trifluoromethyl)benzyl)benzamide)]cyclopropan carboxylic acid (22). To

solution of 100 mg 0.25 mmol) N-methoxy-N-methyl 3-[4-(N-((2-

ACS Paragon Plus Environment

Page 50 of 84



Page 51 of 84

©CoO~NOUTA,WNPE

Journal of Medicinal Chemistry

trifluoromethyl)benzyl)benzamide)]cyclopropanecarboxamide (21) in 3 ml EtOH was added 3
ml KOH solution (10%). The reaction mixture was refluxed for 24 h. EtOH was removed from
the reaction solution under reduced pressure and the remaining aqueous solution was washed
three times with DEE. The aqueous solution pH was adjusted at 1 with 12 M HCI solution. The
pure white product precipitated and was collected by filtration. Yield: 0.05 g (55 %); 'H NMR
(DMSO-dg, 6): 12.27 (s, 1H, COOH), 8.99 (t, J = 5.4 Hz, 1H, OCNH), 7.80-7.20 (m, 8H,
OCNH-Ph;+Ph;-OCNH-CH,-Ph,), 4.59 (d, J = 5.5 Hz, 2H, Ph;-OCNH-CH,), 2.30-2.40 (m, 1H,
Ph,-CH), 1.86-1.80 (m, 1H, Ph;-CH-CH), 1.44-1.31 (m, 2H, Ph;-CH-CH,); >*C-NMR (DMSO-
ds, 0): 173.7, 166.2, 144.2, 137.7, 137.1, 132.6, 132.2, 131.8, 128.1, 128, 127.4, 127.3, 125.9,
125.9, 125.8, 39.7, 37.4, 25.1, 24.5; HRMS: measured m/z [M+H]" 364.1158 (theoretical:
364.1155).

General procedure for the preparation of the compounds 23 and 26, using the example of
4-Iodo-N-(2-(trifluoromethyl)benzyl)benzamide (23). 1 g (6.7 mmol) 4-iodobenzoic acid, 1.5
g (8 mmol) EDC and 0.16 g (1.3 mmol) DMAP were mixed under argon atmosphere in 25 ml
dry DCM and stirred as a suspension for 1 h at 0 °C. Then 09 g (7.3 mmol) 2-
trifluoromethylbenzylamine was added in one portion. The mixture was allowed to warm to
room temperature und was further stirred for 24 h. The organic solution was washed twice with
20 ml 2 M HCl-solution and one time with 20 ml brine. The organic solvent was dried over
MgSO, and then removed under reduced pressure. The crude product was recrystallized from a
EE/Hex mixture and a white solid remained. Yield: 0.89 g (64%); 'H NMR (DMSO-dg, 0): 9.38
(t, J = 6.3 Hz, 1H, Ph;-OCNH), 8.11-8.00 (m, 4H, CHO-Ph;), 7.79-7.48 (m, 4H, OCNH-CH,-

Phy), 4.70 (d, J = 5.7 Hz, 2H, Ph;-OCNH-CH,). MS-ESI: m/z 405 [M+H"].
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General procedure for the preparation of the compounds 24 and 25, using the example of
4-[N-(2-(trifluoromethyl)benzyl))benzamide]-(1,1'-biphenyl)-4-acid (24). 250 mg (1.5 mmol)
4-carboxybenzenboronic acid, 555 mg (14 mmol) 4-Todo-[N-(2-
(trifluoromethyl)benzyl))benzamide] (23), 9.2 mg (0.04 mmol) palladium(IT)acetate and 568 mg
(4.1 mmol) K,CO3; were solved in a mixture of acetone / H,O in the ratio 1:1. The reaction was
stirred for 1 h at 65 °C. The mixture was then filtered through celite and acetone was evaporated
under reduced pressure. After acidifying the aqueous layer with 12 M HCI solution the product
precipitated. A white solid remained and no further purification was needed. Yield: 0.36 g (66
%); "H NMR (DMSO-dg, 8): 13.03 (s, 1H, COOH), 9.21 (t, J = 6.1 Hz, 1H, OCNH), 8.09-7.48
(m, 12H, OCNH-Ph;+Ph;-OCNH-CH,-Ph,+Ph;-Ph;), 4.71 (d, J = 5.5 Hz, 2H, Ph;-OCNH-CH,);
BC-NMR (DMSO-ds, 8): 167.0, 166.0, 162.4, 143.2, 142.1, 141.8, 137.9, 134.7, 133.5, 132.7,
130.2, 130.0, 128.9, 128.2, 127.4, 127.3, 127.1, 127.1, 127.0, 125.1, 125.0, 48.1; HRMS:
measured m/z [M+H]" 400.1156 (theoretical: 400.1155).

4-[N-(2-(trifluoromethyl)benzyl))benzamide]-(1,1'-biphenyl)-3-carboxylic  acid  (25).
Yield: 0.37 g (67 %); 'H NMR (DMSO-ds, 8): 13.08 (s, 1H, COOH), 9.14 (t, J = 5.7 Hz, 1H,
OCNH), 8.20-7.39 (m, 12H, OCNH-Ph;+Ph;-OCNH-CH;-Ph,+Ph;-Phy), 4.63 (d, J = 5.5 Hz,
2H, Ph;-OCNH-CH,); >C-NMR (DMSO-ds, 8): 168.1, 166.0, 144.0, 143.1, 142.1, 140.8, 136.8,
134.8, 133.4, 132.9, 130.0, 130.0, 128.8, 128.1, 127.7, 127.5, 127.1, 126.1, 126.0, 125.1, 124.0,
49.1; HRMS: measured m/z [M+H]" 400.1155 (theoretical: 400.1155).

4-Cyano-N-(2-(trifluoromethyl)benzyl)benzamide (26). Yield: 0.92 g (65 %); '"H NMR
(DMSO-dg, 6): 9.38 (t, J = 6.3 Hz, 1H, Ph;-OCNH), 8.11-8.00 (m,4H, CHO-Ph,), 7.79-7.48 (m,

4H, OCNH-CH,-Ph,), 4.70 (d, J = 5.7 Hz, 2H, Ph;-OCNH-CH,). MS-ESI: m/z 305 [M+H"].
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[N-(2-(Trifluoromethyl)benzyl)benzamide]-4-(1H-tetrazole) (27). 100 mg (0.3 mmol) 4-
cyano-N-(2-(trifluoromethyl)benzyl))benzamide (26), 43 mg (0.7 mmol) NaN3 and 23 mg (0.4
mmol) NH4CI were solved in 2 ml dry DMF under argon atmosphere and stirred for 12 h at 150
°C. After the reaction mixture reached room temperature 1 ml H,O was added. To the aqueous
layer 12 M HCI solution was added and the product precipitated. Through filtration the slightly
yellow solid, which did not need further purification, was collected. Yield: 0.11 g (92 %); 'H
NMR (DMSO-dg, 6): 9.35 (t, J = 5.6 Hz, 1H, OCNH), 8.25-7.54 (m, 8H, OCNH-Ph;+Ph;-
OCNH-CH,-Ph,), 4.76 (d, J = 5.6 Hz, 2H, Ph;-OCNH-CH,); >C-NMR (DMSO-ds, 8): 166.6,
160.3, 137.9, 136.9, 135.5, 132.7, 132.3, 129.2, 128.6, 128.2, 127.7, 127.2, 126.7, 125.5, 125.1,

125.0, 48.2; HRMS: measured m/z [M+H]" 348.1067 (theoretical: 348.1067).

sEH activity assay

The ICs values of the compounds were determined by a fluorescence-based assay system of
96-well format. As substrate non-fluorescent PHOME (3-phenyl-cyano-(6-methoxy-2-
naphthalenyl)methyl ester-2-oxirane-acetic acid, Cayman Chemicals) was used, which can be

4 The formation of the

hydrolyzed by the sEH to the fluorescent 6-methoxynaphtaldehyde.
product was measured (A= 330 nm, A= 465 nm) by a Tecan Infinite F200 Pro plate reader.
Therefore, recombinant human sEH (2 pg/well) in Bis-Tris buffer pH 7 with 0.1 mg/ml BSA
containing a final concentration of 0.01% Triton-X 100. 100 pl of protein were incubated with
different concentrations of compounds (DMSO with final concentration of 1%) for 30 min. at

room temperature. After that 10 pl of substrate were added (final concentration 50 uM). The

hydrolysed substrate was measured for 30 min. (one point every minute). A blank control (no
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protein and no compound) as well as a positive control (no compound) was executed. All

measurements were performed in triplicates.

PPAR activity assay.

The assay was performed according to the procedure published before.*® COS-7 cells were
grown in DMEM high glucose, supplemented with 10 % fetal calf serum (FCS), 1% sodium
pyruvate (SP) and 1% penicillin/streptomycin (PS) at 37 °C and 5% CO,. Used plasmids for
PPAR transactivation assay are shown in Supporting Information. The day before transfection,
COS-7 cells were seeded in 96-well plates with a density of 30,000 cells per well. Transient
transfection was carried out using Lipofectamine LTX reagent (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s protocol with pFR-Luc (Stratagene), pRL-SV40 (Promega) and
the Gal4-fusion receptor plasmids (pFA-CMV-hPPAR-LBD) of the respective PPAR subtype. 5
h after transfection, medium was changed to DMEM without phenol red and 10% FCS,
supplemented with 1% SP, 1% PS and 1% L-glutamine, now additionally containing 0.1%
DMSO and the respective test compound or 0.1% DMSO alone as untreated control. Each
concentration was tested in triplicate wells and each experiment was repeated independently at
least three times. Following overnight incubation with the test compounds, cells were assayed for
luciferase activity using Dual-GloTM Luciferase Assay System (Promega) according to the
manufacturer’s protocol. Luminescence was measured using a microplate reader (Infinite M200,
Tecan Group Ltd., Crailsheim, Germany). Each concentration of the compounds was tested in
triplicate wells. Normalization for transfection efficacy and cell growth was done by division of
the firefly luciferase data by renilla luciferase data resulting in relative light units. Activation

factors were obtained by dividing by DMSO control. ECsy and standard deviation values were
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calculated by mean values of at least three determinations by SigmaPlot 2001 (Systat Software
GmbH, Erkrath, Germany) using a four-parameter logistic regression. All compounds were
evaluated by comparison of the achieved maximum effect to that of the reference compound
(pioglitazone for PPARy, GW7647 for PPARa*’, and L165041 for PPARS™ each at 1 pM). Data

are expressed as mean + SE; n > 3.

WST-cytotoxicity assay

The WST-1 assay (Roche Diagnostic GmbH, Mannheim, Germany) was used to determine the
cell viability after treatment with the compounds. For this purpose, Hela and HepG2 cells were
seeded each in 96-well plates at a density of 1 x 10* per well in DMEM with Phenolred and in
prescence of 10% FCS. After 24 hours the medium was changed. Fresh DMEM with 10% FCS
was added and the cells were treated with the compounds for 48 hours. Cell viability was
assessed according to the manufacturer’s protocol using a microplate reader (Infinite M200,

Tecan Group Ltd., Crailsheim, Germany). All experiments were performed at least in triplicate.

Water solubility approximation

PBS at pH 7.4 with 0.01% Polysorbate 20 (Tween) was combined with 1 % of a DMSO
solution of the inquired compound in a 96-well transparent flat bottom microtiter plate.
Precipitation of the compound was measured at 650 nm using a microplate reader (Infinite

M?200, Tecan Group Ltd., Crailsheim, Germany).

In vitro drug metabolism in rat liver microsomes
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A solution of the test compound (1 mM) was prepared in 100% DMSO. 432 ul phosphate
buffer (0.1 M, pH 7.4) together with 50 ul NADPH-regenerating system (30 mM glucose-6-
phosphate, 4 U/ml glucose-6-phosphate dehydrogenase, 10 mM NADP, 30 mM MgCl,) and 5 pl
of the corresponding test compound were pre-incubated at 37 °C. The final concentration of the
investigated compound is 10 pM. After 5 min the reaction was started by the addition of 13 ul
microsome mix from the liver of Sprague-Dawley rats (Gibco®, Darmstadt, Germany; 20 mg
protein/ml in 0.1 M phosphate buffer). The incubation was performed in a shaking water bath at
37 °C. The reaction was stopped by the addition of 500 ul ice-cold methanol at 0, 15, 30 and 60
min. The samples were centrifuged at 10 000 g for 5 min at 4 °C. The supernatants were
analysed and quantified by HPLC. Control samples were always performed to check the stability
of the compounds in the reaction mixture. First control was without NADPH, which is needed
for the enzymatic activity of the microsomes. Second control was with inactivated microsomes
(microsomes that were incubated for 20 min at 90 °C). Third control was without test
compounds (to determine the baseline). As positive control, a solution of 7-ethoxycoumarin (1
mM) was used. The final concentration of the control compound, under assay conditions, was
again 10 uM. The amounts of the test compounds were quantified by an external calibration

curve.

Differentiation of murine 3T3-L1 cells
3T3-L1 cells were subcultured in DMEM containing 10% newborn calf serum in a humidified
atmosphere at 37 °C, 5% CO,. Cells were differentiated into adipocytes for 14 days according to

49

the method of Zebisch et al.” Briefly, cells were seeded in 6-well plates (2.5 x 106/WCH).

Differentiation was started at day 3 by addition of 1 pg/ml insulin, 0.25 pM dexamethasone and
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0.5 mM isobutylmethylxanthine in DMEM supplemented with 10% fetal calf serum. At day 5
medium was replaced by medium containing only insulin for 2 more days. After this, cells were
kept for lipid droplet accumulation in basal medium without additions until day 15.
Rosiglitazone (2 uM) and N-cyclohexyl-N'-(iodophenyl)urea (CIU) (10 uM) were used as
PPARY and sEH positive controls, respectively. Differentiation of 3T3-L1 cells was confirmed
by Oil Red O staining. Cells were washed with PBS and subsequently fixed for 60 minutes with
a formaldehyde solution (4% in PBS). After this, cells were rinsed with 60% isopropanol and

incubated with Oil Red O solution (0.3%) for 120 minutes.

Quantitative polymerase chain reaction (qPCR)

3T3-L1 cells or homogenized mice tissues were lysed using TRIzol® reagent (Ambion, life
technologies, Carlsbad, USA) and mRNA was isolated following the manufacturers protocol.
DNA contaminations were digested using DNAse (DNase I, RNase-free Kit; Thermo Scientific,
Waltham, USA) and mRNA concentrations were measured with a NANODROP2000
spectrophotometer (Thermo Scientific, Waltham, USA). Subsequently, reverse transcription was
performed using the High Capacity RNA-to-cDNA Kit (Applied Biosystems, Foster City, USA).
PCR was performed using specific primers for ABCA1, adiponectin, ApoE, CD36, FABP-4,
GLUT-4, LPL, LXRa, PGC-1a, PPARa, PPARg, sEH (shown under supporting information)
with a StepOnePlus Real-Time PCR System (Applied Biosystems, Foster City, USA). Non-POU
domain-containing octamer binding protein (NoNo) and B-Actin were used as reference genes
for 3T3-L1 and mouse tissue, respectively. All samples were measured in triplicates and were

analyzed using the ACT method.
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In vivo studies

All mice PK studies were performed by Pharmacelsus GmbH (Saarbriicken, Germany), a
commercial research organization, and were approved by and conducted in accordance with the
regulations of the local Animal Welfare authorities (Landesamt fiir Gesundheit und
Verbraucherschutz, Abteilung Lebensmittel- und Veterindrwesen, Saarbriicken, Germany). For a
detailed description see the supporting information. The sEH PD data was generated through
determination of epoxyeicosatrienoicacids (EETs) and their metabolites
dihydroxyepoxyeicosatrienoicacids (DHETs) by LC/MS-MS.”® Experimental details are

described in Supporting Information.

SUPPORTING INFORMATION

Figures: human adipocyte differentiations and qPCR, PK study of compound 1b after p.o.
application in mice, brain concentration of compound 1b, conversion of 14b to 14¢ in COS7
cells, differential scanning fluorimetry with PPARy LBD and 14b and 14¢, metabolic stability of
compound 14c¢ in rat liver microsomes, effect of compound 1c and 14c on GPR40 (FFA1) by

IMP measurement

Methods: Plasmids used in PPAR transactivation assay, human adipocyte differentiation and

analysis, procedures of in vivo PK studies, method for EET/DHET analysis by LC/MS-MS

AUTHOR INFORMATION
Corresponding Author

*E-mail: proschak @ pharmchem.uni-frankfurt.de. Phone number: +49 69 798 29301

Author Contribution

ACS Paragon Plus Environment

Page 58 of 84



Page 59 of 84

©CoO~NOUTA,WNPE

Journal of Medicinal Chemistry

The manuscript was written through contributions of all authors. All authors have given

approval to the final version of the manuscript.

ACKNOWLEDGEMENT

This work was supported by the Else-Kroner-Fresenius Foundation and Deutsche
Forschungsgemeinschaft (DFG; Sachbeihilfe PR1405/1-2; SFB 1039 Teilprojekt A07). R.B.,
O.D. and M.B thanks to the graduate college Translational Research Inovation Pharma (TRIP)
for the PhD fellowship. The table of contents graphic is Courtesy of University of California

Television

ABBREVIATIONS

ABCA1, ATP binding cassette transporter 1; ADME, absorption, distribution, metabolism,
and excretion; AMI, acute myocardial infarction; aP2, human adipocyte fatty acid binding
protein; ASCVD, arteriosclerotic cardiovascular diseases; ATP, adenosintriphosphat; AUC
(0—o0, area under the concentration-time curve extrapolated to infinity; bis-tris,  2-[Bis(2-
hydroxyethyl)amino]-2-(hydroxymethyl)-1,3-propanediol; -Br, bromine substituent; BSA,
bis(trimethylsilyl)acetamide; bw, body weight; CD36, fatty acid translocase; -CHjz, methyl
substituent; CIU, N-cyclohexyl- N'-iodophenyl urea; -Cl, chlorine substituent; CI/f, total body
clearance (normalized to bioavailability); Cy.x, maximal concentration; CNS, central nervous
system; compd., compound; COS7, CV-1 (simian) in Origin, and carrying the SV40 genetic
material; CVD, cardiovascular diseases; DCM, dichloromethane; DEE, diethyl ether; DHETS,

dihydroxyepoxyeicosatrienoic acids; DIPEA, diisopropylethylamine; DMAP, 4-

dimethylaminopyridine; DMEM, dulbecco's Modifizierte Medien, DMF, dimethylformamide;
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DMSO-d6, deuterated dimethyl sulfoxide; DNA, deoxyribonucleic acid; ECsp, half maximal
effective concentration; EDC, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide; EE, ethyl
acetate; EETs, epoxyeicosatrienoic acids; Enax - %, Maximum activation in percent; EPCs,
endothelial progenitor cells; ESI, electrospray ionization; EtOH, ethanol; -F, fluorine substituent;
FABP4, fatty acid binding protein 4; FATP, fatty acid transporter protein; FCS, fetal calf serum;
FFA, free fatty acid; FFA1 / GPRA40, free fatty acid receptor 1; GLUT-4, glucose transporter type
4; GSIS, Glucose Stimulated Insulin Secretion; -H, hydrogen substituent ; H,O, water; HCI,
hydrochloric acid; HDL, high density lipoprotein; HDL-C, high density lipoprotein cholesterol;
HepG2, hepatocyte carcinoma ; Hex, hexane; HMG CoA, 3-hydroxy-3-methylglutaryl coenzyme
A; HPLC, high-performance liquid chromatography; HRMS, high resolution mass spectrometrys;
1.a., inactive; IBCF, isobutyl chloroformate; ICsp, half maximal inhibitory concentration; K,COs,
potassium carbonate; KOH, potassium hydroxide; LBD, ligand binding domain; LC-MS, liquid
chromatography—mass spectrometry; LC-MS/MS, liquid chromatography—mass spectrometry/
mass spectrometry; LDL-C, low density lipoprotein cholesterol; LPL, lipoprotein lipase; M,
molar; m/z, mass to charge ratio, MALDI, matrix-assisted laser desorption/ionization; Me;SO'T,
trimethylsulfoxoniumiodid; MeOH, methanol; methanol-d;, deuterated methanol; MetS,
metabolic  syndrome; MgCl,, magnesium chloride; MgSO,s, magnesium sulfate; mRNA,
messenger ribonucleic acid; MW, microwave; n.t., not tested; NADPH, nicotinamide adenine
dinucleotide phosphate; NaH, sodium hydride; NaN3, sodium azide; NaOH, sodium hydroxide;
NH4Cl, ammonium chloride; NMR, nuclear magnetic resonance spectrometry; -OCF;,
trifluoromethoxy substituent; -O-CH3, methoxy substituent; -O-phenyl, oxophenyl substituent;
p.o., per oral; P/S, penicillin/streptomycin; PBS, phosphate buffer system; Pd(AcO),, Palladium

(IT) acetate; PEPCK, phosphoenolpyruvat-carboxykinase; PHOME , (3-phenyl-cyano-(6-
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methoxy-2-naphthalenyl)methyl ester-2-oxirane-acetic acid; PK/PD , pharmacokinetic /
pharmacodynamics; PPAR, peroxisome proliferator-activated receptor; qPCR, real-time
polymerase chain reaction; Red Oil O, 1-[2,5-Dimethyl-4-(2,5-dimethylphenylazo)phenylazo]-2-
naphthol; RCT, reverse cholesterol transport; RP, reversed phase; RXR, retionid X receptor;
SAR, structure activity relation; sEH, soluble epoxide hydrolase; sEH-KO, sEH knockout;
SHROB, spontaneous hypertensive obese; SP, sodium pyruvate; STZ, streptozocin; T2D, type 2
diabetes; t-AUCB, trans-4-[4-(3-adamantan-1-y1-ureido)-cyclohexyloxy]-benzoic acid; TG,
triglyceride; THF, tetrahydrofuran; TLC, thin-layer chromatography; tm., time to reach the
maximum concentration; TNFa, tumor necrosis factor o; TZD, thiazolidinedione; UV, ultra
violate ; V,/f, volume of distribution (normalized to bioavailability); w.s., water solubility; WAT,
white adipose tissue; WST-1, water soluble tetrazolium / (4-[3-(4-lodophenyl)-2-(4-nitrophenyl)-

2H-5-tetrazolio]-1,3-Benzol-Disulfonate).
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Figure 2. 3T3-L1 mouse fibroblasts were differentiated in the presence of the different
compounds. Subsequently, cells were either stained with a) Oil-Red or b) PPARY target gene
expression (GLUT4, Adiponectin, FABP4, LPL) was determined by quantitative PCR analysis.
Shown are mean values + s.e.m. (b)) or one representative experiment (a)) out of three

independent experiments.
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Figure 4. a) Plasma concentration of compounds 1c¢ and 14c¢, in mice (30 mg/kg p.o.; 3 animals
per compound at every second timepoint). b) Plasma concentration of compound 14¢, in mice
(30 mg/kg in drinking water; 6 animals). ¢) Expression of the PPARY target genes in mouse liver
after 14 d of application with compound 14¢ (30 mg/kg/day in drinking water; 6 animals; 3

control animals)
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21 Figure 5. Summary of structure-activity relationship studies of N-benzyl benzamides.
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Scheme 1. (a) IBCF, TEA, dry DCM, 12 h; (b) NaH, THF, 0 °C, 2 h; (c) H,, Pt/C, EtOH, 12 h;

(d) MeOH/H,O/THF, KOH, MW, 100 °C, 30 min; (¢) MesSO'T, NaH, DMSO, 6 h; (f) KOH,

EtOH/H,0, 16 h; (g) Diethyl benzylphosphonate, NaH, THF, 0 °C, 2 h.
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24 (c) NaN; , NH;Cl, DMF, 12 h
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Tablel. In vitro activity values of dual sSEH/PPAR modulators — diversity screening.

CF, o)
N
SR A
R4
EC,, EC,, EC,,
W.S 1Cs PPARa PPARGS PPARYy
compd. R, [uM] [uM] [uM]
[uM]  SEH [uM] H H H
(Emax - %) (Emax - %) (Emax - %)
GW7647 n.t. n.t. 0.2 £0.05 n.t. n.t.
. 0.2 £0.05
pioglitazone n.t. n.t. n.t. n.t. uM
0.039 +
L-165041 n.t. n.t. n.t. 0.008 n.t
AUDA n.t. 107 £12.8 n.t. n.t. n.t.
OH
0.17 + . . @ 10 uyM
24 §~©—§O 5-375 4 006 ia. ia. (30%)
% . . @ 10 uyM
25 o n.t. 1+£0.1 ia. ia. (28%)
@)
N~
N 500-
2
27 § N/’lil 375 5+0.7 ia ia ia
H
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Table 2. In vitro activity values of dual sSEH/PPAR modulators — variation of the substitution

pattern of the central phenyl moiety.

CF, 0 — OFR
@AQ@X’Y—\%

a) X-Y:CH=C; R:CH,CHj;
b) X-Y: CHz—CH; R1: CH2CH3
¢) X-Y: CH,-CH; R;=H

d) X-Y: CH=C; R;=H

ECSO ECSO ECSO
W.S. IC
compd.  subst. ¥ P[P ’ﬁ]“ P[P /;/II{]S PPARy [uM]
[uM]  SEH [uM] H H
Bp- % €= o
la n.t. 0.063 + ia. ia. @ 10 uM
0.003 (20%)
1b 525 0.044 + ia. ia.
bara 0,005 1.8 0.2 (86%)
lc 100-75 ia. ia. 48+2.1
1.6 +0.2 (127%)
1d n.t. ia. ia. 22+03
0.12 +0.01 (017%)
15a n.t. 0.04 + 0.006 n.t. n.t. 0t
15b n.t. 0.027 = ia. ia. @ 10 uM
meta 0.002 (40%)
5 . @ 10 uM .
¢ b 09+0.08 (34%) 1 6.4 + 1.3 (60%)
15d n.t. 0.4 +0.1 n.t. n.t. 0t
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Table 3. In vitro activity values of dual SEH/PPAR modulators - variation of the a-substituent.

CF, o)
N R,
>R el
Y. N
xR

12 b) R;: CH,CH;

©CoO~NOUTA,WNPE

C) R]IH

17 ECso ECso EC

18
compd " w.S. ICs, PPARG PPARS
. 2
[uM]  sEH [uM] [uM] [uM]

22 (Emax - %) (Emax ) %)
23

50
PPARy [uM]

(E - %)

max

25 1b H 5-3.75 0.1+ 0.003 1. ia. @ 10 uM (38
26 %)
o l6c ~ X-Y:CHyCH  500- ia. ia. @ 10 uM (38

28 375 9+1.7 %)

30 17b CH ) ia. ia. 8§+ 1.5uM
5 3 10-7.5 0.25+£0.04 (110 %)
32 17¢ X-Y: CH,-CH  500- ia. ia. 3+0.5uM (90

375 8+1.6 %)

35 1b CH-CH ) 0.044 + ia. ia.
20 2CH3 5-2.5 0.005 1.8+0.2 (86%)
le  X-Y:CH-CH  100- i o 48+2.1

38 75 1.6+0.2 (127%)

i 18b  CH,CH,CH; 5375 0.17 +0.04 ia. ia. ?7'? £0.2(132
(%
42 18c  X-Y:CH,-CH  500- ia. ia. 1.5+ 0.4 (180

p 375 5+13 %)

45 19b Phenyl  5.375 0.12+0.013 ia. ia. 2+0.4 (53 %)

47 . _ . .
48 19c  X-Y: CH,-CH 13;) 25105 ia. ia. 3/; 0.9 uM (68

X-Y: . .
50 22 ' ia. ia. @ 10 uM (24
t 55+£02
51 cyclopropyl n %)
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Table 4. In vitro activity values of dual SEH/PPAR modulators - variation of the terminal benzyl

Journal of Medicinal Chemistry

Page 82 of 84

substitution.
b) R]I CH2CH3
C) Ri:H
EC,, EC EC,,
compd R WS 1Cy PPARa PPARS PPARY [1iM]
‘ 3 [uM]  SEH [uM] [M] [M]
(E - %) (Emax B %)
1b s 0044 i, ia. 1.8+0.2
GFs . "~ 0.005 (86%)
1c 100- ia. ia. 4.8+2.1
+
s 1.6%02 (127%)
2b Pt nt. 85+29 ia. ia. 16 = 1.7 (94%)
L
2¢c nt @ 10 },LM ia. ia. 13.5+2.0
T (4%) (123%)
3b @ 10 pM ia. @ 10 uM
t 09+0.
Ao 090 sy (15%)
@ |
3¢ nt. gSO/O)“M ia. ia. 44 0.5 (106%)
0
4b . ot 38402 ia. ia. @ 10 uM
o t 3.8+0. 14%)
)\\/\ (
'\/
4Ac nt @ 10 uM ia. ia. @ 10 uM
T (20%) (40%)
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5b

5¢c

Br 25-20
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375

4+0.7

@ 10 pM
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1a.

1a.

1a.

ia.

@ 10 uM
(40%)

6b

6¢

100-
F70 75

'
500-

375

0.03 £ 0.008

@ 10 pM
(23%)

1a.

1a.

3.5£0.6
(88%)

8+ 1.3 (110%)

7b

Tc

Y n.t.

n.t.

22+0.2

@ 10 pM
(28%)

ia.

1a.

1a.

11 £ 1.9 (74%)

@ 10 uM
(23%)

&b

8c

1 n.t.

n.t.

0.57 £ 0.007

7.2+0.7

@ 10uM
(22%)

7+0.8
(89%)

1a.

1a.

42+1.5
(76%)

63+2.7
(192%)

9b

9¢

n.t.

n.t.

0.9+0.42

14+2

3+£0.1
(58%)

24+0.3
(89%)

ia.

1a.

3+0.5 (68%)

2+0.3 (125%)

10b

10c

% 10-7.5

500-
375

0.62 £ 0.02
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1a.

1a.

ia.
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(40%)
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11b
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v 1075
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ia.

ia.
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(40%)
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12b 4+0.7 144023
-~ /@/‘x n.t n.t (110%) (141%)
"0
12¢ O 0.9+023 (‘50(7 MM 340,08
' (106%) (20%) (181%)
13b E F F + ia. 28 + 09
E . nt. 0.12+0.07 (18%)
13¢ F ia 0.6+0.2
. 2x0. ’
nt. 12+02 (155%)
F
14b FulF nt 0030001 @10mM 2+ 0.3 (136%)
X (22%)
| )
l4c S0 500- @ 10 uM 0.3 +0.09
+
375 033£0.05 550 (160%)

ia. = inactive, n.t. not tested, E__ - % = maximum activation in percent of control, w.s. = water

solubility, compd. = compound
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METABOLIC SYNDROME

@}-‘ PPARY ACTIVATION
—— & 8

3
TYPE 2 DIABETES f\ /\N/ﬂ\[’i S
T L
N o OH
o SN
o

i I

HEART DISEASE ICsy (sEH): 0.3 uM
ECso(PPARY): 0.3 upM

B — applicable in drinking water

in vivo active

©CoO~NOUTA,WNPE

SEH INHIBITION
15 HYPERTENSION
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