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Abstract: Cardiovascular diseases are the first leading cause for death
in the United States and the third globally. Cholesteryl ester transfer
protein (CETP) is a glycoprotein excreted mainly from the liver and
transfers cholesteryl esters from high-density lipoproteins to low-density
lipoproteins. Inhibition of CETP activity decreases lipid transfers, which
raises high-density lipoprotein cholesterol and lowers that of low-density
lipoproteins. Cardiovascular risk is decreased when CETP activity is
inhibited. There is a growing need for new CETP inhibitors which
encourages us to conduct this research. In this work, synthesis of
eighteen new trifluoro-oxoacetamido benzamides 9a-r was carried out
by nucleophilic acyl substitution reaction to form the amide followed by
characterization of the prepared derivatives using *H-NMR, *C-NMR
and IR spectroscopy. In vitro study showed that the synthesized
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compounds 9a-r exhibited distinguished activity against CETP with ICs,values ranging from 1.24 uM to 7.16 x 10 uM, where compound
9l had the best activity. Induced-fit docking results illustrated that torcetrapib, anacetrapib, and 9a-r accommodated CETP binding cleft
and that hydrophobic force predominated the inhibitor/CETP complex formation. Additionally, they bonded to C13, Q199, R201, and
H232 residues through H-bond. AG of the verified analogues surpassed that of co-crystallized ligand (ORP) and anacetrapib anticipating
the matching of analogues’ core structures to CETP key binding residues. Moreover, inhibitors 9a-r mapped the pharmacophore model’s
fingerprint of CETP active inhibitors and subsequently elaborated the binding score values against CETP binding domain.

Keywords: Benzamides, CETP, Induced-fit:docking, Inhibitars, Pharmacophore, Trifluoro-oxoacetamido.

Introduction

Cardiovascular disease (CVD) is a common cause of
morbidity and mortality.in patient with dyslipidemia [1]. CVD risk
factors are high blood pressure, smoking; diabetes, physically
inactive, obesity, high level of,low density lipoprotein (LDL)
cholesterol (bad cholesterol), andlow level of high density
lipoprotein (HDL) cholesterol (good cholesterol) [2]. In order to
alleviate the worldwide burden of atherosclerotic cardiovascular
disease, it is imperative to reduce low-density lipoprotein (LDL).
Apart from dietary and lifestyle changes, the development of
pharmacotherapies to lower LDL is making it possible to lower
LDL even further and reduce the risk of CVD [3, 4].

Cholesteryl ester transfer protein (CETP) is the key transfer
protein that is responsible for handover of cholesteryl esters and
triglycerides between the lipoprotein particles in order to assistin
the collection of triglycerides from very low density lipoproteins
(VLDL) or LDL and exchanges them for cholesteryl esters from
HDL and vice versa [5]. This mechanism is vital for maintaining
lipid homeostasis, particularly in regulating cholesterol transport
and the development of atherosclerosis [6]. CETP’s activity
notably affects the size and the composition of HDL patrticles, due
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to their role in reverse cholesterol transport and cardiovascular
protection [7].

The connection between CETP and cardiovascular diseases
is well-established, with heightened CETP activity linked to lower
HDL cholesterol levels and an elevated risk of atherosclerosis
and coronary artery disease [8]. In fact, the invention of CETP
inhibitors aroused when it was discovered that some human lack
of CETP naturally owing to the absence of the responsible gene.
Remarkably the human with CETP deficiency has high levels of
HDL, low levels of LDL and significantly reduced CVD chance [3,
9]. Throughout the CETP inhibition trials with torcetrapib, which
had been abruptly stopped in the clinical stages, clinical benefit
was not demonstrated in cardiovascular outcomes even with
other CETP inhibitors. However, these failures were caused by
compound-related problems, such as adverse effects with
torcetrapib, insufficient LDL cholesterol lowering with dalcetrapib,
and inadequate follow-up duration for the amount of LDL
cholesterol lowering produced by evacetrapib [10]. Anacetrapib,
and evacetrapib decreased the relative risk for developing
diabetes, whereas patients treated with torcetrapib showed
reductions in plasma glucose and insulin [11]. Although
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torcetrapib and evacetrapib were shown to boost the cholesterol
efflux capability of total HDL, neither of them decreased
cardiovascular events [12].

Notably, a pivotal study revealed the compelling ability of
obicetrapib, alongside a statin and ezetimibe substantially
enhance beneficial HDL cholesterol and markedly diminish
harmful LDL cholesterol atherogenicity [13]. Consequently, the
effective modulation of lipid levels offers a powerful means to
significantly improve the health outcomes of individuals with
dyslipidemia [14]. Therefore, a significant focus in
pharmacological research has been the targeting of CETP as a
promising new avenue for decisively reducing the incidence of
CVD through the identification of potent inhibitors.

Our research group had previously prepared various
prospective CETP inhibitors such as: benzylidene-amino
methanones [15], benzyl- amino-methanones [16], N-(4-
benzyloxyphenyl)-4-methyl-benzenesulfonamides [17], N-(4-
benzylamino- phenyl)-toluene-4-sulfonic acid esters [17],
chlorobenzyl benzamides [18], fluorinated benzamides [19], and
other substituted benzyl benzamides [20-24]. In the current work,
we aimed to improve the CETP inhibitory activity of the lead
compounds A [20] and B [18] presented in Figure 1, in addition
to further explore the structure-activity relationship of this series
of CETP inhibitors. Herein, new eighteen oxoacetamido-
benzamides 9a-r were prepared by replacing the p-F and p=Cl
aromatic ring substitutions of A and B with p-OCF3, 0-OCHgs, o-F,
0-CF3, m-CF3, and 3,5-bis-CF3 groups, as well as varying p-OCF3
(in B) or 3,5-bis-CF; (in A) moieties with p-CF; group. Afterward,
in vitro biological evaluation was carried out to determine the
effect of these structural modifications, for both the nature and
position of the aromatic ring substitution, on the CETP inhibitory
activity. Furthermore, induced-fit doeking (IFD) studies vere
executed for compounds 9a-r against the coordinates of CETP
binding domain so as to explain the 'structural-basis of binding of
these inhibitors. Whereas, the binding free energy of CETP
receptor and ligand complex)was " calculated using Prime
MMGBSA. Pharmacophore mapping of compounds 9a-r against
a recorded pharmacophore model of active' CETP inhibitors was
also conceded.
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Figure (1): Structures of formerly synthesized hit compounds:
A (ICso= 1.30 pM), and B (ICsp= 1.60 pM) [18, 20].
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Materials and Methods

Chemicals Materials

All compounds and solvents were of laboratory grade and
used without extra purification. Chemicals and solvents were
purchased from the corresponding companies (Alfa Aesar, Acros
Organics, Sigma—Aldrich, Fluka, SD Fine Chem Limited, Tedia
and Fisher Scientific). CETP fluorometric assay kit Il was
obtained from MyBioSource, USA. Pre-coated Thin Layer
Chromatography (TLC) plates were performed on 20x20 cm,
0.20 mm silica gel 60 with fluorescent indicator UV at 254 nm
(Macherey-Nagel, Germany). Also, TLC was performed on
20x%20 cm aluminum plates pre-coated with fluorescent silica gel
GF254 (Macherey-Nagel, Germany) and envisioned by UV light
(at 254 and/ or 360‘nm). Column chromatography was used on
silica gel stationary phase of high-purity grade, pore size 60 A°,
70-230 mesh; 63-20um (Sigma-Aldrich, Germany).

Instruments

Shimadzu IR Affinityl FT-IR\spectrophotometer was used
fof measuring, IR spectra at Al-Zaytoonah Wniversity of Jordan.
Bruker, Avance DPX- 500 spectrometer;was used to record *C-
NMR and H-NMR spectra, The University of Jordan. Biological
study:of the prepared compounds was completed by FLX800TBI
Microplate Fluorimeter(BioTeksUSA).

Synthesis of intermediates 5a, 5b and 5c.

Elaboration 'of 3-aminobenzoic acid methyl ester (3) was
achieved as reported prior [18-20]. Then the methyl benzoate
intermediates 5a, 5b were synthesized as previously described
[18-20]. Synthesis of 5c started by adding 2.0 g (13.2 mmol) of
ester 3 to 20 ml dichloromethane (DCM). After that 1-
(bromomethyl)-4-(trifluoromethyl) benzene (4c, 6.14 ml, 39.6
mmol), and triethylamine (TEA, 9.3 ml, 66.2 mmol) were
appended. The combination was left under stirring at room
temperature for 5 days then the solution was vaporized and the
intermediate  methyl  3-(4-(trifluoromethyl)  benzylamino)
benzoate (5c) was refined by column chromatography using
cyclohexane: ethyl acetate (9:1) as eluent. Intermediate 5¢c was
obtained as a yellow powder (3.19 g, % yield = 78%);
Ci6H14FsNO2; mp. 126-127°C; Ry= 0.4 (cyclohexane: ethyl
acetate, 9:1); *H-NMR (500 MHz, DMSO-d6): & 3.30-3.39 (m, 1H,
CH,NH), 3.79 (s, 3H, OCHs), 4.42 (d, J = 6.0 Hz, 2H, CH,), 6.74
(t, J=7.8 Hz, 1H, Ar-H), 6.80 (d, J = 7.8 Hz, 1H, Ar-H), 7.14-7.21
(m, 2H, Ar-H), 7.57 (d, J = 8.0 Hz, 2H, Ar-H), 7.69 (d, J = 8.1 Hz,
2H, Ar-H) ppm; 3C-NMR (125 MHz, DMSO-d6): 5 46.3, 52.4,
113.2, 117.1, 117.2, 123.7, 125.6, 125.9, 128.2, 129.7, 130.8,
145.4, 149.0, 167.1 ppm; IR (KBr): 3394, 3039, 2962, 1712,
1612, 1527, 1334, 1257, 1157 cm™.

Synthesis of compounds 9a-r

Elaboration of the acyl intermediate 7a, 7b from 5a, 5b was
done as formerly stated [18-20]. While the methyl 3-(4-
(trifluoromethyl) benzylamino) benzoate (5¢, 0.25 g) was
hydrolyzed to the benzoic acid 6¢c as reported earlier [18-20].
Subsequently, 6¢ (0.2 g, 0.64 mmol) was dissolved in 10 ml DCM
and then oxalyl chloride (2, 0.11 ml, 1.2 mmol, (COCI);) was
added. The reaction remained under agitation for 4 days at 60-
70 °C. Later the reaction combination was vaporized to achieve
the acyl intermediate 7c.
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N-(2-Fluorobenzyl)-3-(2-(2-fluorobenzylamino)-N-(4-
(trifluoromethoxy)benzyl)-2-
oxoacetamido)benzamide (9a)

(2-Fluorophenyl)methanamine (8a, 0.155 ml, 1.37 mmol)
together with 5 ml of TEA and 10 ml of DCM were added to 7a
(0.64 mmol), then the reaction combination was mixed at room
temperature for 5 days. Then the product was purified by column
chromatography using cyclohexane: ethyl acetate, 65:35 as
eluent. Viscous compound was gained 9a (0.057 g, % yield =
15%); CsiH24FsN3O4; Rf = 0.56 (cyclohexane: ethyl acetate,
65:35); *H-NMR (500 MHz, DMSO-d6): & 4.09 (d, J = 5.3 Hz, 2H,
COCOHNCH?), 4.43 (d, J = 5.0 Hz, 2H, COHNCH_), 5.04 (s, 2H,
NCH,), 6.83 (t, J=7.5Hz 1H, Ar-H), 6.95 (t, J = 7.95 Hz, 1H, Ar-
H), 7.12 (m, 4H, Ar-H), 7.30 (t, J =7.45 Hz, 4H, Ar-H), 7.43 (d, J
=8.05 Hz, 2H, Ar- H), 7.60 (d, J=7.9 Hz, 2H, Ar- H), 7.78 (d, J
= 7.6 Hz, 1H, ArH), 7.83 (s, 1H, Ar- H), 9.00 (t, J = 5.53 Hz, 1H,
NH ), 9.18 (t, J = 5.0 Hz, 1H, NH); *C-NMR (125 MH, DMSO-
deé):  41.9, 43.1, 51.4, 123.7, 125.5, 126.9, 127.0, 127.1, 127.2,
127.4, 127.5, 128.3, 128.4, 128.5, 128.8, 128.9, 135.8, 138.5,
139.4, 139.8, 139.9, 141.0, 141.8, 163.4, 164.1, 165., 165.5,
167.4 ppm; IR (KBr): 3315, 3071, 2969, 2916, 2907, 2848, 1683,
1635,1456 cm™.

N-(2-Fluorobenzyl)-3-(2-(2-fluorobenzylamino)-N-
(3,5-bis(trifluoromethyl)benzyl)-2-
oxoacetamido)benzamide(9b)

(2-Fluorophenyl) methanamine (8a, 0.155 ml, 1.37(mmol)
together with 5 ml of TEA and 10 ml of DCM were added ta 7b
(0.64 mmol), then the reaction solution was agitated at room
temperature for 5 days. Then the product was obtained by
column chromatography using chloroform: methanol, 98: 2 as
eluent. Viscous compound was gained 9b (0.137 g, % vyield =
33%); CszH23FsN3O03; Rf = 0.4 (chloroform: methanol, 98: 2); *H-
NMR (500 MHz, DMSO-dé): & 4.17 (d, J = 6.85 Hz, 2H,
COCOHNCH?y), 4.51 (d, J = 6.55 Hz, 2H, COHNCH,), 5.19 (s,
2H, NCH,), 6.77 (t, J = 7.2 Hz, 1H, Ar-H), 6.97 (t, J = 8.2 Hz, 1H,
Ar-H), 7.09-7.38 (m, 7H#Ar-H), 7.82 (s, 2H, Ar-H), 7.84 (s, 2H,
Ar-H), 7.90 (s, 1H, Ar-H), 8.02 (s, 1H, Ar-H),'9.01 (t, J = 6.85 Hz,
1H, NH), 9.3 (t, J = 6.55 H, 1H, NH) ppm; ¥C:NMR (125 MHz,
DMSO-d6): & 35.8, 36.9,50.8, 115.3, 115.4, 115.5, 115.6,421.8,
124.7, 126.3, 126.4, 126.6, 127.0, 129.4, 129.6, 130.0, 130.5,
130.9, 135.7, 140.4, 140.6, 163.3, 165.5, 165.6'ppm; IR (KBr):
3386, 3258, 3100, 2963, 1684, 1587, 1490, 1457 cm™.

N-(2-Fluorobenzyl)-3-(2-(2-fluorobenzylamino)-N-(4-
(trifluoromethyl)benzyl)-2-exoacetamido)benzamide
(9¢)

(2-Fluorophenyl): methanamine (8a, 0.155 ml, 1.37 mmol)
together with 5 ml of TEA and 10 ml of DCM were added to 7c
(0.64 mmol), then the reaction solution was agitated at room
temperature for 5 days. Then the product was obtained by
column chromatography using chloroform: methanol, 98: 2 as
eluent. White powder was gained 9c (0.195 g, % yield = 52.5 %);
Cs1H24FsN3Os; m.p = 145°-146°; Rf = 0.67 (chloroform: methanol,
98:2); 'H-NMR (500 MH_, DMSO-d6): 8 4.17 (d, J = 5.45 Hz, 2H,
COCOHNCH,), 4.51 (d, J = 5.35 Hz, 2H, COHNCH_), 5.09 (s,
2H, NCH,), 6.78 (t, J = 7.35 Hz 1H, Ar-H ), 6.96-7.00 (t, J = 7.35
Hz, 1H, Ar-H), 7.07-7.23 (m, 4H, Ar-H), 7.31-7.36 (t, J = 7.45 H,
4H, Ar-H), 7.49 (d, J = 8.05 Hz, 2H, Ar-H), 7.68 (d, J = 7.9 Hz,
2H, Ar- H), 7.81 (d, J = 3.28 Hz, 1H, Ar- H), 7.87 (s, J = 7.6 Hz,
1H, ArH), 9.03 (t, J = 5.85 Hz, 1H, NH ), 9.27 (t, J = 10.9 Hz, 1H,
NH); 3C-NMR (125 MH;, DMSO-d6): & 35.8, 37.0, 51.3, 115.3,
115.5, 115.65, 124.7, 125.04, 125.8, 126.3, 126.4, 126.6, 126.9,
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129.1, 129.4, 129.6, 130.0, 130.6, 135.5, 140.9, 159.6,
161.5,163.5, 165.4, 165.7 ppm; IR (KBr): 3365, 3266, 3071,
2963,1694, 1641,1560 cm™.

N-(4-(Trifluoromethoxy)benzyl)-3-(N-(4-
(trifluoromethoxy)benzyl)-2-(4-
(trifluoromethoxy)benzylamino)-2-
oxoacetamido)benzamide (9d)

(4-(Trifluoromethoxy)phenyl) methanamine (8b, 0.155 ml,
1.37 mmol) together with 5 ml of TEA and 10 ml of DCM were
added to 7a (0.64 mmol), then the reaction mixture was stirred
at room temperature for 5 days. Then the crude product was
purified by column chromatography using chloroform: methanol,
98: 2 as eluent. White powderwas obtained 9d (0.069 g, % yield
= 15 %); CssH24FoN30g; m.p =115-116"; Ry = 0.68 (chloroform:
methanol, 98: 2), tH-NMR (500 MHz, DMSO-d6): 5 4.13 (d, J =
5.8 Hz, 2H, COCOHNCH,), 4.45 (d, J =5.7,Hz, 2H, COHNCH,),
4.97 (s, 2H{NCH), 6.95 (d, J = 8.4 Hz, 2H, Ar-H), 7.11 (d, J =
8.05 Hzy2H, Ar-H), 7.26 (d, 3= 7.85 Hz, 5H, Ar-H), 7.33 (d, J =
8.5 Hz, 8H, Ar-H), 7.38 (d, J = 855 Hz, 3H, Ar-H), 7.79 (s, 1H,
ArsH), 9.08 (t;,J = 5.8Hz, 1H, NH), 9.25 (t,d = 5.7 Hz, 1H, NH)
ppm; *C-NMR (125 MHz, DMSO-d6): 8,41.3, 42.5, 51.1, 121.2,
121.4, 121.5, 126.8, 129.3, 129.5, 130.3, 131.0, 135.6, 136.1,
138.1, 139.4, 147.6, 148.0, 163.4,4165.3), 166.2 ppm; IR (KBr):
3375,.3312, 2965, 1696, 1657,4515 cm™.

3-(N-(3,5-Bis(trifluoromethyl)benzyl)-2-(4-
(trifluoromethoxy)benzylamino)-2-oxoacetamido)-N-
(4-(trifluoromethoxy)benzyl)benzamide (9e)

(4-(Trifluoromethoxy)phenyl) methanamine (8b, 0.155 ml,
1.37 mmol) together with 5 ml of TEA and 10 ml of DCM were
added to 7b (0.64 mmol), then the reaction mixture was stirred
atyroom temperature for 5 days. Then the crude product was
purified by column chromatography using chloroform: methanol,
98: 2'as eluent. White powder was obtained 9e (0.159 g, % yield
=32 %); CasH23F12N3Os; Ry = 0.74 (chloroform: methanol, 98: 2),
H-NMR (500 MH;, DMSO-d6): & 4.16 (d, J = 5.85 Hz, 2H,
COCOHNCHy), 4.47 (d, J = 5.75 Hz, 2H, COHNCHy), 5.17 (s,
2H, NCH,), 6.97 (d, J = 8.5, 2H, Ar-H), 7.13 (d, J = 8.1 Hz, 2H,
Ar-H), 7.26 (d, J = 6.30 Hz, 3H, Ar-H), 7.38 (d, J = 6.30 Hz, 3H,
Ar-H), 7.82 (d, J = 8.41 Hz, 2H, Ar-H), 7.88 (d, J = 8.2 Hz, 2H,
Ar-H), 7.98 (s, 1H, Ar-H), 9.10 (t, J = 5.85 Hz, 1H, NH), 9.32 (t, J
=5.75 Hz, 1H, NH) ppm; *C-NMR (100 MHz, DMSO-d6): 5 42.7,
43.4, 54.2, 121.3, 121.4, 121.5, 126.9, 129.5, 129.7, 130.5,
131.5, 135.7, 136.3, 138.4, 139.6, 147.8, 148.2,148.0, 163.6,
165.5, 166.2 ppm; IR (KBr): 3369, 3217, 3077, 2966,
1691,1637,1510 cm™.,

N-(4-(Trifluoromethoxy)benzyl)-3-(2-(4-
(trifluoromethoxy)benzylamino)-N-(4-
(trifluoromethyl)benzyl)-2-oxoacetamido)benzamide
(9f)

(4-(Trifluoromethoxy)phenyl)methanamine (8b, 0.155 ml,
1.37 mmol) together with 5 ml of TEA and 10 ml of DCM were
added to 7c (0.64 mmol), then the reaction mixture was stirred
at room temperature for 5 days. Then the crude product was
purified by column chromatography using chloroform: methanol,
98: 2 as eluent. Off white powder was obtained 9f (0.114 g, %
yield = 25 %); Ca3H24F9N3Os; m.p = 98°-99°; Rf = 0.6 (chloroform:
methanol, 98: 2); 'H-NMR (300 MHz, CDCl;-d6): & 4.29 (d, J =
5.9 Hz, 2H, COCOHNCHy), 4.58 (d, J = 5.8 Hz, 2H, COHNCH,),
4,96 (s, 2H, NCHy), 6.45 (s, 1H, Ar-H), 7.13-7.32 (m, 11H, Ar-H),
7.52 (d, J = 6.0 Hz, 2H, Ar-H), 7.61 (d, J = 6.0 Hz, 2H, Ar-H),
9.11 (t, J = 5.9 Hz, 1H, NH), 9.25 (t, J = 5.8 Hz, 1H, NH) ppm;
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3C-NMR (75 MHz, DMSO-d6): & 42.7, 43.5, 54.5, 121.3, 121.4,
125.7, 125.9, 129.1, 129.2, 129.4, 129.5, 130.1, 134.5, 135.7,
136.7, 139.5, 148.7, 159.8, 162.0, 166.1 ppm; IR (KBr): 3348,
3271, 3078, 2963, 1667, 1512, 1327 cm™.

N-(3-(Trifluoromethyl)benzyl)-3-(2-(3-
(trifluoromethyl)benzylamino)-N-(4-
(trifluoromethoxy)benzyl)-2-
oxoacetamido)benzamide (9g)

(3-(Trifluoromethyl)phenyl)methanamine (8c, 0.155 ml, 1.37
mmol) together with 5 ml of TEA and 10 ml of DCM were added
to 7a (0.64 mmol), then the reaction mixture was stirred at room
temperature for 5 days. Then the crude product was purified by
column chromatography using chloroform: methanol, 98: 2 as
eluent. Viscous compound was obtained 9g (0.059 g, % yield =
13.3 %); CssH24FoN3O4; Ry = 0.7 (chloroform: methanol, 98: 2),
*H-NMR (500 MHz, DMSO-d6): & 2.51 (s, 2H, COCOHNCH,),
4.58 (d, J = 5.8 Hz, 2H, COHNCH,), 5.15 (s, 2H, NCH), 7.29 (s,
2H, Ar-H), 7.49- 7.90 (m, 12H, Ar-H), 8.01 (s, 1H, Ar-H), 8.22 (s,
1H, Ar-H), 8.74 (t, J = 6.9 Hz, 1H, NH), 9.16 (t, J = 5.7 Hz, 1H,
NH) ppm; **C-NMR (125 MHz, DMSO-d6): & 42.8, 46.4, 51.5,
121.5, 121.8, 124.1, 124.3, 125.4, 125.9, 129.6, 129.9, 130.2,
131.9, 135.8, 136.8, 141.2, 141.4, 147.8, 163.1, 164.2, 166.1
ppm; IR (KBr): 3367, 3086, 2962, 1670, 1545 cm™,

3-(N-(3,5-Bis(trifluoromethyl)benzyl)-2-(3-
(trifluoromethyl)benzylamino)-2-oxoacetamido)-N4(3
(trifluoromethyl)benzyl)benzamide (9h)

3-(Trifluoromethyl)phenyl)methanamine (8c, 0.155 ml, 1.37
mmol) together with 5 ml of TEA and 10 ml of DCM were added
to 7b (0.64 mmol), then the reaction mixture was stirred at room
temperature for 5 days. Then the crude product was purified by
column chromatography using chloroform:methanol, 98: 2" as
eluent. Viscous compound was obtained 9h (0.119 g, %ield =
25 %); CaaHa3F12N30s5; Ry = 0.65 (chloroform: methanol, 98: 2),
IH-NMR (300 MHz, DMSO-d6): & 4.19 (s, 2H, COCOHNCH),
4.5 (s, 2H, COHNCH,), 5.21«(s, 2H, NCH,), 7.01 (s, 2H, Ar-H),
7.16 (s, 2H, Ar-H), 7.304(d, J = 6.35 Hz, 8H, Ar-H), 7.42 (d, J =
6.35, 3H, Ar-H), 7.85 (s, 2H, Ar-H), 7.91 (s, 2H, Ar-H), 8.01/(s,
1H, Ar-H), 9.13 (s, 1H, NH), 9.35 (s, 1H, NH) ppm; **C-NMR/(75
MHz, DMSO-d6): & 46.4,47.5, 55.1, 126.3, 127.5, 128:8;7129.0,
131.3, 1316, 134.1, 134.3, 234.5, 135.1, 135.4, 135.6, 136.3,
136.6, 140.3, 144.8, 145.1, 146.:2, 168.0, 169.6, 170.3 ppm; IR
(KBr): 3367,3086, 2962, 1670, 1545 cm™.

N-(3-(Trifluoromethyl)benzyl)-3-(2-(3-
(trifluoromethyl)benzylamine)-N-(4-
(trifluoromethyl)benzyl)-2-oxoacetamido)benzamide
(90)

3-(Trifluoromethyl)phenyl)methanamine (8c, 0.155 ml, 1.37
mmol) together with 5 ml'of TEA and 10 ml of DCM were added
to 7c (0.64 mmol), then thereaction mixture was stirred at room
temperature for 5 days. Then the crude product was purified by
column chromatography using chloroform: methanol, 98: 2 as
eluent. Viscous compound was obtained 9i (0.157 g, % yield =
23 %); CasH24FsN3O3; Ry = 0.69 (chloroform: methanol, 98: 2),
H-NMR (500 MHz, DMSO-d6): & 4.25 (d, J = 6.9 Hz, 2H,
COCOHNCHj,), 4.57 (d, J = 6.75 Hz, 2H, COHNCH,), 5.10 (s,
2H, NCH,), 7.11 (s, 2H, Ar-H), 7.34-7.68 (m, 12H, Ar-H), 7.81 (s,
1H, Ar-H), 7.78 ('s, 1H, Ar-H), 9.17 (t, J = 6.9 Hz, 1H, NH), 9.38
(t, J = 6.75 Hz, 1H, NH) ppm; 3C-NMR (100 MHz, DMSO-d6): &
42.8,43.9,55.1,124.0,124.3,125.8,126.1, 129.1, 129.5, 129.7,
129.8, 131.6, 131.9, 140.1, 141.5, 165.3, 166.4, 169.5 ppm; IR
(KBr): 3359, 3271, 3109, 2965, 1638,1576,1539 cm™.
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N-(3,5-Bis(trifluoromethyl)benzyl)-3-(2-(3,5-
bis(trifluoromethyl)benzylamino)-N-(4-
(trifluoromethoxy)benzyl)-2-
oxoacetamido)benzamide(9))

(3,5-Bis(trifluoromethyl)phenyl)methanamine (8d, 0.155 ml,
1.37 mmol) together with 5 ml of TEA and 10 ml of DCM were
added to 7a (0.64 mmol), then the reaction mixture was stirred
at room temperature for 5 days. Then the crude product was
purified by column chromatography using chloroform: methanol,
98: 2 as eluent. Viscous compound was obtained 9j (0.064 g, %
yield = 12 %); CssH2F15N304; Ry = 0.68 (chloroform: methanol,
98: 2), H-NMR (500 MH;, DMSO-d6): & 2.52 (s, 2H,
COCOHNCH?), 4.66 (d, J.=.5.6 Hz, 2H, COHNCH_), 5.11 (s, 2H,
NCH,), 7.27 (d, J = 81 Hz, 2H, Ar-H), 7.36 (d, J = 8.2 Hz, 2H,
Ar-H), 7.45 - 7.58 (m, 4H, Ar-H), 7.75 (d, J = 7.55 Hz, 1H, Ar-H),
7.85 (s, 1H, Ar-H), 8.01(s, 4H, Ar-H), 8.74.(s, 1H, NH), 9.23 (t, J
=5.65 Hz, 1H, NH) ppm; C-NMR (125 MHz), DMSO-d6): & 42.6,
46.4, 5165, 119.5, 121.2; 121.5, 121.9, 122.7, 124.9, 125.4,
126.1,(128.7, 129.6, 130.2,"130.6, 130.8, 135.6, 136.7,141.2,
143:6, 147.8, 163.1, 163.7, 166.5 ppm; IR/(KBr): 3260, 3304,
2932, 1702,1645, 1588 cm™.

N=(3,5-Bis(trifluoromethyl)benzyl)-3-(N-(3,5-
bis(trifluoromethyl)benzyl)-24(3,5-
bis(trifluoromethyl)benzylamino)-2-
oxoacetamido)benzamide(9k)

(3,5-Bis(trifluoromethyl)phenyl)methanamine (8d, 0.155 ml,
1.37 mmol) together with 5 ml of TEA and 10 ml of DCM were
added to 7b (0.64"‘mmol), then the reaction mixture was stirred
at room temperature for 5 days. Then the crude product was
purified by column chromatography using chloroform: methanol,
98: 2 as eluent. Viscous compound was obtained 9k (0.079 g, %
yield,= 14 %); CzeH.1F1sN3O3; Ry = 0.68 (chloroform: methanol,
98:72); H-NMR (500 MH;, DMSO-d6): & 4.35 (s, 2H,
COCOHNCH?), 4.63 (d, J = 5.6 Hz, 2H, COHNCH_), 5.21 (s, 2H,
NCH,), 7.29 (s, 2H, Ar-H), 7.78-7.99 (m, 11H, Ar-H), 9.20 (t, J =
5.65 Hz, 1H, NH), 9.52 (t, J = 5.65 Hz, 1H, NH) ppm; *C-NMR
(75 MHz, DMSO-d6): & 41.5, 42.5, 50.9, 121.1, 121.1, 122.2,
123.6, 125.6, 126.4, 127.6, 128.5, 128.6, 128.8, 129.0, 130.5,
130.8, 131.5, 135.2, 143.4, 143.5, 164.1, 165.6 ppm; IR (KBr):
3380, 3255, 3093, 1657, 1587, 1546 cm™™.

N-(3,5-Bis(trifluoromethyl)benzyl)-3-(2-(3,5-
bis(trifluoromethyl)benzylamino)-N-(4-
(trifluoromethyl)benzyl)-2-oxoacetamido)benzamide
CD)

(3,5-Bis(trifluoromethyl) phenyl)methanamine (8d, 0.155 ml,
1.37 mmol) together with 5 ml of TEA and 10 ml of DCM were
added to 7c (0.64 mmol), then the reaction mixture was stirred
at room temperature for 5 days. Then the crude product was
purified by column chromatography using chloroform: methanol,
98: 2 as eluent. Off white powder was obtained 9l (0.105 g, %
yield = 20 %); CssHaoF1sNsOs; m.p =150 -151°; Ry = 0.64
(chloroform: methanol , 98: 2), *H-NMR (300 MHz, CDCl5-d6): &
455 (d, J = 4.41 Hz, 2H, COCOHNCH,), 4.71 (s, 2H,
COHNCH?), 5.03 (s, 2H, NCH,), 6.91 (d, J = 6.0 Hz, 2H, Ar-H),
7.35(d, J = 6.24 Hz, 3H, Ar-H), 7.54-7.60 (m, 3H, Ar-H), 7.66 (s,
2H, Ar-H), 7.79-7.86 (m, 3H, Ar-H), 7.95 (s, 1H, Ar-H), 8.83 (s,
1H, NH) 10.0 (t, J = 5.65 Hz, 1H, NH) ppm; 3C-NMR (75 MHz,
CDCl;-d6): 5 43.1, 51.6, 54.8, 121.7, 122.5, 124.4, 125.4, 125.5,
125.7, 125.9, 126.3, 127.5, 127.9, 129.2, 129.9, 130.4, 131.9,
132.2, 134.0, 134.3, 139.6, 139.8, 139.9, 140.6, 140.7,160.1,
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163.5, 165.9 ppm; IR (KBr): 3401, 3239, 3072, 2918, 1636, 1587,
1544 cm™.

N-(2-Methoxybenzyl)-3-(2-(2-methoxybenzylamino)-
N-(4-(trifluoromethoxy)benzyl)-2-
oxoacetamido)benzamide (9m)

(2-Methoxyphenyl)methanamine(8e, 0.155 ml, 1.37 mmol)
together with 5 ml of TEA and 10 ml of DCM were added to 7a
(0.64 mmol), then the reaction mixture was stirred at room
temperature for 5 days. Then the crude product was purified by
column chromatography using chloroform: methanol, 98: 2 as
eluent. White powder was obtained 9m (0.044 g, % yield = 11
%); CasHaoF3sN3Os; m.p = 190° -191°; Ry = 0.81 (chloroform:
methanol, 98: 2), 'H-NMR (500 MHz, DMSO-d6): & 3.76 (s, 3H,
OCHgs), 3.84 (s, 3H, OCHs), 4.10 (d, J = 5.75 Hz, 2H,
COCOHNCH?), 4.46 (d, J = 5.55 Hz, 2H, COHNCH,), 5.04 (s,
2H, NCHy), 6.73 (d, J = 7.40 Hz, 1H, Ar-H), 6.76 (t, J = 7.45 Hz,
1H, Ar-H), 6.88-6.93 (m, 2H, Ar-H), 7.00 (d, J = 8.20 Hz, 2H, Ar-
H), 7.17 (d, 3 = 7.25 Hz, 2H, Ar-H), 7.24 (t, J = 7.6 Hz, 2H, Ar-H),
7.31 (t, J = 8.40 Hg, 2H, Ar-H), 7.38-7.41 (m, 2H, Ar-H), 7.86-
7.90 (m, 2H, Ar-H), 8.85 (t, J = 5.75 Hz, 1H, NH), 9.06 (t, J=5.70
Hz, 1H, NH) ppm; 3C-NMR (125 MHz, DMSO-d6): § 37.1, 38.2,
55.7, 110.8, 110.9, 119.5, 120.5, 121.4, 121.5, 125.9, 126.7,
126.8, 127.1, 127.7, 127.9, 128.5, 129.5, 130.3, 130.6, 135.8,
136.5, 140.9, 148.0, 156.8, 157.1, 163.6, 165.6, 165.7 ppm; IR
(KBr): 3402, 3287, 2964, 2842, 1676, 1662, 1493 cm™.

N-(2-Methoxybenzyl)-3-(2-(2-methoxybenzylamino)-
N-(3,5-bis(trifluoromethyl)benzyl)-2-
oxoacetamido)benzamide (9n)

(2-Methoxyphenyl)methanamine (8e, 0.155 ml, 1.37 mmol)
together with 5 ml of TEA and 10 ml of DCM were added to 7b
(0.64 mmol), then the reaction mixturepwas stirred at room
temperature for 5 days. Then the crude product was purified by
column chromatography using chlaoroform: methanol, 98: 2 as
eluent. White powder was obtained 9n (0.159 g, % yield = 37 %);
CasH20F6N3Os; m.p = 110-134;,Rf = 0.73 (chloroform: methanol,
98: 2), 'H-NMR (300 MHz, DMSO-d6): §3.74 (s, 3H, OCHj3), 3.81
(s, 3H, OCHs), 4.09 (s, 2H, COCOHNCH,), 4.44 (s, 2H,
COHNCH,), 5.19 (s, 2H, NCH,), 6.59 (s, 1H,'Ar-H), 6.71 (s,/AH,
Ar-H), 6.87-6.99 (m, 3H,'Ar-H), 7.13-7.23 (m, 3H, Ar-H)y); 7.32-
7.38 (M, 2HyAr-H), 7.86-8.02/(m, 5H, Ar-H), 8.86 (t, J =5.78 Hz,
1H, NH), 9.2 (tpJ = 5.73 Hz, 1H, NH) ppm; C-NMR (75 MHz,
DMSO-d6): § 38.1, 39.5, 50.7, 55.73»,110.8, 110.9, 120.4, 120.5,
122.6, 125.8,'126.6, 126.9, 127.0, 127.7;:427.8, 128.5, 128.6,
129.3, 129.6, 130.4, 130.9, 135.9, 135.9, 140.5, 140.6, 156.8,
157.0, 163.4, 165.6,, 1658 ppm; IR, (KBr): 3389, 3257, 2964,
2838, 1704, 1688, 1495 cm™.

N-(2-Methoxybenzyl)-3-(2-(2-methoxybenzylamino)-
N-(4-(trifluoromethyl)benzyl)-2-
oxoacetamido)benzamide (90)
(2-Methoxyphenyl)methanamine (8e, 0.155 ml, 1.37 mmol)
together with 5 ml of TEA and 10 ml of DCM were added to 7c
(0.64 mmol), then the reaction mixture was stirred at room
temperature for 5 days. Then the crude product was purified by
column chromatography using chloroform: methanol, 98: 2 as
eluent. Off white powder was obtained 90 (0.116 g, % yield = 30
%); CasHszoFsN3Os; m.p = 85" -86°; Ry = 0.73 (chloroform:
methanol , 98: 2), *H-NMR (300 MHz, DMSO-d6): & 3.86 (s, 3H,
OCHs), 3.90 (s, 3H, OCHs), 459 (d, J = 4.38 Hz, 2H,
COCOHNCH), 4.63 (d, J = 4.32 Hz, 2H, COHNCH,), 4.98 (s,
2H, NCHy), 6.84- 6.98 (m, 4H, Ar-H), 7.03 (d, J = 6.27 Hz, 1H,
Ar-H), 7.12 (d, J = 5.43 Hz, 1H, Ar-H), 7.21-7.46 (m, 6H, Ar-H),
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7.53-7.62 (M, 4H, Ar-H), 8.86 (t, J = 4.38 Hy, 1H, NH), 9.12 (t, J
= 4.32 Hz, 1H, NH) ppm; 3C-NMR (75 MH;, DMSO-d6): 5 34.6,
34.9, 49.6, 50.7, 105.6, 116.0, 120.4, 120.5, 122.6, 125.8, 126.6,
126.9, 127.0, 127.7, 127.8, 128.5, 128.6, 129.3, 129.6, 130.4,
130.9, 135.9, 135.9, 140.5, 140.6, 156.8, 157.0, 163.4, 165.6,
165.7 ppm; IR (KBr): 3367, 3244, 3078, 2930, 1669, 1544, 1444
cm™

N-(2-(Trifluoromethyl)benzyl)-3-(2-(2-
(trifluoromethyl)benzylamino)-N-(4-
(trifluoromethoxy)benzyl)-2-
oxoacetamido)benzamide (9p)

(2-(Trifluoromethyl)phenyl)methanamine (8f, 0.155 ml, 1.37
mmol) together with 5smiwef triethylamine and 10 ml of
dichloromethane wefe added to '7a (0.64 mmol), then the
reaction mixture was stirred at room temperature for 5 days.
Then the crude productwas purified by ‘column chromatography
using chloreform: methanel, 98: 2 as eluent. Off white powder
was obtained 9p (0.126 g, % yield = 28.3 %); CasH24FsN3O4; m.p
= 130"=131"; Ry = 0.65 (chloreform: methanol, 98: 2), 'H-NMR
(500 MHz, DMSO-d6):64.34 (d, J= 4.75 Hz{2H, COCOHNCH,),
4.68 (d, J = 4,70 Hz, 2H, COHNCHy), 5.07 (s, 2H, NCH,), 6.88
(dyJ = 7.25 Hz, 1H, Ar-H), 7.34 (d, J ='8.0 Hz, 2H, Ar-H), 7.41-
7.51(m, 7H, Ar-H), 7.64-7.68 (m, 3H, Ar-H), 7.76 (d, J = 7.65 Hz,
1H, Ar-H), 7.92 (d, J =275 Hz 2H, Ar-H), 9.15 (t, J = 5.55 Hg,
1H, NH), 9:89 (t, J = 4.70 H2/4H, NH) ppm; *C-NMR (125 MH,
DMSO-d6):0 38.6, 39.6, 51.2,7119.5, 121.5, 123.7, 123.9, 126.1,
126.3, 126.4,126.8, 126.9, 127.0, 127.8, 128.6, 128.8, 129.3,
129.7, 130.3, 133.0,,135.4, 136.3, 137.9, 140.9, 148.1, 163.8,
165.2, 165.9 ppm; IR (KBr): 3353, 3214, 3072, 1695, 1652, 1584
cm™

N-(2-(Trifluoromethyl)benzyl)-3-(2-(2-
(trifluoromethyl)benzylamino)-N-(3,5-
bis(trifluoromethyl)benzyl)-2-
oxoacetamido)benzamide (9q)

(2-(Trifluoromethyl)phenyl)methanamine (8f, 0.155 ml, 1.37
mmol) together with 5 ml of triethylamine and 10 ml of
dichloromethane were added to 7b (0.64 mmol), then the
reaction mixture was stirred at room temperature for 5 days.
Then the crude product was purified by column chromatography
using chloroform: methanol, 98: 2 as eluent. Viscous compound
obtained 99 (0.083 g, % yield = 20 %); CssH23F12N3O03; Ry = 0.7
(chloroform: methanol, 98: 2), *H-NMR (300 MHz, DMSO-d6): &
4.31 (s, 2H, COCOHNCH?), 4.63 (s, 2H, COHNCH,), 5.20 (s, 2H,
NCH,), 6.84 (d, J = 5.04 Hz, 1H, Ar-H), 7.36-7.47 (m, 6H, Ar-H),
7.55-7.63 (m, 2H, Ar-H), 7.71 (d, J = 5.73 Hz, 2H, Ar-H), 7.87 (d,
J =9.12 Hz, 4H, Ar-H) 8.00 (s, 1H, Ar-H), 9.11 (s, 1H, NH), 9.39
(s, 1H, NH) ppm; BC-NMR (75 MHz, DMSO-d6): & 39.3, 45.6,
55.1, 116.5, 117.1, 117.5, 118.2, 119.7, 121.0, 121.5, 121.8,
122.6, 123.3, 123.5, 124.1, 124.5, 125.4, 125.7, 127.7, 130.5,
131.3, 132.5, 135.1, 135.4, 158.2, 160.1, 160.5 ppm; IR (KBr):
3411, 3246, 3065, 2963, 1694, 1642, 1586 cm™.

N-(2-(Trifluoromethyl)benzyl)-3-(2-(2-
(trifluoromethyl)benzylamino)-N-(4-
(trifluoromethyl)benzyl)-2-oxoacetamido)benzamide
(9r)

(2-(Trifluoromethyl)phenyl)methanamine (8f, 0.155 ml, 1.37
mmol) together with 5 ml of triethylamine and 10 ml of
dichloromethane were added to 7c¢ (0.64 mmol), then the
reaction mixture was stirred at room temperature for 5 days.
Then the crude product was purified by column chromatography
using chloroform: methanol, 98: 2 as eluent. Off white powder
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was obtained 9r (0.113 g, % yield = 26 %); C33H24FsN3O3; m.p =
115-116"; Ry = 0.72 (chloroform: methanol, 98: 2), *H-NMR (300
MHz, CDCl3-d6): 6 4.52 (d, J = 4.59 Hz, 2H, COCOHNCH), 4.80
(d, 3 =4.44 Hz, 2H, COHNCHy), 4.99 (s, 2H, NCH), 7.09 (d, J =
5.79 Hz, 1H, Ar-H), 7.33-7.44 (m, 6H, Ar-H), 7.47 (d, J = 6.51 Hz,
2H, Ar-H), 7.55 (d, J = 5.73 Hz, 4H, Ar-H), 7.63-7.68 (m, 2H, Ar-
H), 7.70 (d, J = 5.88 Hz, 1H, Ar-H), 8.90 (t, J = 4.59 Hz, 1H, NH),
9.16 (t, J = 4.44 Hz, 1H, NH) ppm; C-NMR (75 MHz, CDCls-
dé): 6 40.0, 40.3, 54.4, 122.6, 122.9, 123.1, 125.3, 125.6, 125.7,
125.9, 126.1, 126.2, 127.9, 128.4, 128.6, 129.0, 129.5, 130.0,
130.1, 130.5, 131.2, 132.4, 135.2, 135.5, 136.2, 139.2, 142.2,
159.7, 162.0, 166.0 ppm; IR (KBr): 3362, 3277, 3071, 2961,
1680, 1657, 1586 cm™.

Anti-CETP Assay

The synthesized compounds 9a-r were evaluated for their
anti-CETP using a purchased kit (MyBiosource CETP Inhibitor
Screening Kit (Fluorometric), USA) [22]. Briefly, the kit
encompasses human CETP, donor and acceptor molecules.
When the CETP transfers the fluorescent fat from the donor to
the acceptor molecule the fluorescence rises. Inhibition of CETP
results in reduced fluorescence. 2 pL of the inhibitor was mixed
with 5 yL of CETP, then a 5 uL of each donor and acceptor
molecules were added and the volume was continued to 200 uL
using the buffer solution. Afterward, the mixture was incubated
at 37°C for 30 minutes, then the fluorescent intensity was
measured with FLX800TBI Microplate Fluorimeter (BioTek,
Winooski, VT, USA) at wavelength of 511 nm for emission and
480 nm for excitation.

The inhibitors were evaluated for CETP inhibitory activity at
a concentration of 10 yM, in addition to reading blanks. Negative
control that lacks CETP was tested, and the ‘CEIP inhibitor
Anacetrapib was used as a positive reference. Test'was carried
out in duplicates. Using the following equation, the percentage
of CETP inhibition was calculated:

Inhibition percentage = [1-(Inhibitor read-Blank read)/ (Positive
control-Negative control)]*100%

For ICs determination, the inhibitors’ activity was evaluated
at three different concentrations (10, 1.0, and 0.2, uM) followed
by plotting the % of CETP inhibition versus log concentration,
and the bestfit line was drawn. From the equation of that dose-
response line, the,ICs, values'were calculated.

In Silico Studies
Preparation of Synthesized Compounds and Protein
Structure

The crystal assembles of cholesteryl ester transfer protein
(CETP) (PDB ID: 4EWS) [25] was fetched from the RCSB
Protein Data Bank. Ensembles of 4EWS was selected because
its a human-derived structure embedding a ligand and its
resolution (2.59 A) surpasses the other structures. CETP
structure was treated and energetically decreased using the
Protein Preparation [26] algorithm in Schrédinger program to
enhance H-bond linkage. Protein preparation module in
MAESTRO [26] was employed to assign bond order, add
Hydrogens (H), create zero-order bonds to metals, create
disulfide bonds, convert selenomethionines to methionines, fill
up the missing sequences, cap the N-and C-termini, minimize H
atoms, and optimize protein’s H-bond organization, delete
waters beyond 5 A, and generate het states using Epk: pH 7+2.
Then, the protein was refined and optimized for H-bond
assignment. This assignment is an automated process in which
all H-bonds were optimized. Additionally, an interactive
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optimization in which various clusters of H-bonded species can
be effectively optimized. Further protein refinement was carried
out by minimizing the protein side chain while constraining the
protein backbone amino acids using optimized potentials for
liguid simulations-2005 (OPLS_2005) force field. Next, the
proteins’ side chains were further energetically minimized to
reduce steric clashes. The protein preparation protocol is a
proceeding step for docking using MAESTRO in
SCHRODINGER Enterprise. If the protein structure isn’t well-
prepared, minimized, and optimized, the docking protocol will not
work.

The tested compounds (ligands) were depicted using the
coordinates of the co-ligand _(ORP) in the crystal structure of
4EWS [25]. Ligands were patterned by MAESTRO build wizard
and energetically qorepared by MacroModel [26] algorithm by
OPLS2005 force fields All small-molecule chemical structures
were preparédias the follewing: 1) generate 3D coordinates of
all potential ligands based on,the template ‘of the co-crystallized
ligand (ORP) in 4EWS using “Build” wizard in MAESTRO [26], 2)
thes3D ligand coordinates were energetically treated using the
“ligprep” script dn  MAESTRO. [26]. LigPrep probed
stereoisomerism, tautomerism, ring conformations, and
ionization state. “LigPrep generated diverse chemical and
structural features from a.single structure.

Induced-fit docking (IFD)

The co-ligand (ORP) was designated as a centroid in 4EWS
binding site. The VVander Waals’ measuring factors for CETP and
ligand were mountedito 0.5 to provide sufficient pliability for the
upmost docked ligand pose. Extra IFD preferences were scaled
as default. The ligand’s geometry with the high XP Glide score
was recorded as recommended by SCHRODINGER developers.
Thebinding energy represents the docking score (kcal/mol). The
more negative docking score defines favored binding interaction.
IFD treats the protein side chain as a relaxed ensemble by
minimizing the side chain of the protein prior docking and
implements molecular mechanics (MM) tools.

The binding site surrounds the co-crystallized ligand. The
docking algorithm in MAESTRO assigns the co-ligand and
automatically calculates the binding site dimensions based on
three axis (x, y, and z). If there is an allosteric binding site
provided having a co-ligand, the same procedure is applied. The
binding site dimensions could be modified based on the
researcher’s willing. Actually, the docking algorithm is easily
going calculations provided the perquisite protein and ligand
preparations are properly accomplished. The binding affinity
values for the same set of ligands can be compared, if the protein
structure has an active and allosteric domains to confirm the
findings. Besides, the superposing of the docked pose of the co-
crystallized ligand to its native geometry validates the results and
define the reliability of the docking protocol.

Prime MMGBSA

The binding free energy of CETP receptor and ligand
complex was calculated using Prime MMGBSA (Molecular
Mechanics Generalized Born Surface Area) script in Schrodinger
enterprise with the OPLS_2005 force field [26]. The binding free
energy of a ligand (L) to a receptor (R) to form the complex (RL)
is expressed by the attached equation:

AGbinding = AG (complex)-AG (Receptor)-AG (Ligand)

G Binding is the binding free energy; while G complex, G
receptor and G ligand represent the free energy of complex,
receptor, ligand, respectively.
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intermediates (5a-c). Dichloromethane (DCM) was the used
solvent, whereas triethylamine (TEA) was used as an acid

P

4a: X=0CF3, Y=Z= H
4b: Y=Z=CF;, X=H
4c: X=CF;, Y=Z=H

(6]
5a: X=OCF;, Y2Z=H
5b: Y=2=CF,, X=H
5C: X=CF,, Y=2=H

H,N c
C
X
D B A
N Y z
X
7 A D B N .
C 2 N
, e w‘)LN d Z
(0}
8a: A=F,B=C=D=H
8b: CZOCF,, A=B=D=H
5 8¢:(B=CF,, A=C=D=H
8d: B=D=CF,, A=C=H
880A=OCHj, BSC=D=H '&"X5 OCFS'Y Z=H
¢ 8f: A=CF,, B=C=D=H  '0- YS&45CF3 X=H
D 7¢; X=CF, Y=Z=H
v z 6a: X=OCF3, Y=z=H
X 6b: Y=Z=CF, X=H

9a: X=OCF,, Y=Z=H, A=F, B=C=D=H
9b: Y=Z=CF;, X=H, A=F, B=C=D=H

9c: X=CEg, Y=Z=H, ASF)B=C=D=H

9d: X=OCFgY=2=H, C=0CF,, A=B=D=H
9e: Y=Z=CF;, X=H, C=0CF;, A=B=D=H
9f: X=CF,, Y2Z=H, C20CF,, A=B=D=H
99: X=OCF,, ¥2Z=H, B=CF3, A=C=D=H
9h: Y=Z=CF;, X=H, BECF,, A=C=D=H

9i: X=CF,, Y=Z=H, B=CF;, A=C=D=H

6¢: X=CF3, Y=Z=H

9j: X=QCF;, Y=2=H, B=D=CF;, A=C=H
9k Y=Z=CF;, X=H, B=D=CF;, A=C=H

91 X=CF;, Y=Z=H, B=D=CF;, A=C=H

9m: X=0CF3, Y=Z=H, A=0CH,3, B=C=D=H
9n: Y=2=CF;, X=H, A=0CH3, B=C=D=H
90: X=CF3, Y=Z=H, A=0CH;, B=C=D=H
9p: X=0CF;, Y=Z=H, A=CF;, B=C=D=H
9q: Y=Z=CF;, X=H, A=CF;, B=C=D=H

9r: X=CF;, Y=2Z=H, A=CF;, B=C=D=H

Scheme (1): Synthesis of compounds 9a-r. Reagents and conditions: (a) CH;OH/reflux (60-70°C), 24 hrs, (b) DCM, TEA, rt, 5 days, (c) (1)
1M NaOH (100°C), overnight, (2) Conc. HCI, (d) (COCI); /reflux (60-70°C), DCM, 4 days, (e) TEA, DCM, rt, 5 days.

Results and Discussion

Chemistry

Scheme 1 shows the preparation of eighteen derivatives of
benzyl benzamides 9a—r. The preparation steps from 1 to 5 were
carried out as reported earlier [18-20]. Briefly, esterification of 3-
aminobenzoic acid (1) was achieved by refluxing it with methanol
after its carboxyl group was activated using oxalyl chloride (2).

Then, nucleophilic addition-elimination reaction took place
by the attack from the amine group of the formed ester 3 on the
methylene carbon atom of benzyl bromide (4a-c) to produce
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scavenger.

Afterward, the carboxylic acid group of 3-aminobenzoic acid
methyl ester intermediates 5a, 5b, and 5¢ was deprotected using
1M NaOH under reflux followed by neutralization with 1 M HCI.
Then, the carboxylic acid moiety of 3-benzylamino benzoic acid
intermediates 6a, 6b, and 6¢c was activated using oxalyl chloride
(2) in the presence of TEA and DCM to produce the
corresponding acyl chloride derivatives.

Moreover, -NH, moiety of intermediates 6a, 6b, and 6c
reacted with oxalyl chloride. Subsequently, amide formation was
attained by the nucleophilic attack of -NH, moiety of benzylamine
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8a—f on the partially positive carbonyl carbon of the previously
produced benzoyl chloride and acyl chloride to form the desired
products 9a-r. The best yield was obtained upon reacting
intermediate 7c with 2-fluorobenzylamine (8a) to produce 9c in
52.5% vyield.

Anti-CETP Assay

Table 1 demonstrated that most of the synthesized
compounds have a significant activity against CETP at a
concentration of 10 pM. So, the inhibitory activity of these
compounds was evaluated at lower concentrations (1.0 and 0.1
pM), and their ICsq values were determined (Table 1).

The in vitro biological data declare that compounds 9g, 9h,
9, and 9r exhibited the highest CETP inhibitory activity
(represents in ICsg value) inferring the importance of substitution
pattern on aromatic rings. Remarkably, tailoring two aromatic
rings with m-CF; and another aromatic ring with p-CFs (9l)
induces the activity implying the significance of hydrophobic
motif that accorlds with the hydrophobic residues in the binding
domain. Interestingly, incorporating of m-CF; on two aromatic
rings and 3,5-bis-CF; on a third ring (9h) provokes the activity.
Furthermore, attaching of m-CF; on two aromatic rings and one
m-CF3on a third ring (9r) induces the activity.

Table (1): CETP inhibitory results of the synthesized
benzamides 9a-r.

Compound % of CETP Inhibition ICoo (M)
(at 10.0 pM) £ SD

9a 85.2+0.5 1.24
9b 81.0+x04 1.00x10*
9c 81.7+0.8 1.50x20%
9d 83.2+0.3 1.10x10%
9e 87.8+0.4 4.60x10*
of 72.8 £0.6 1.00x10°
99 93.0 £ 0.5 1.03x10°°
9h 100.0£ 0.7 6.54x10°
9i 100.0 + 0.6 1.70x10%
9j 85.0 +0.2 1.00x1072
9k 99.3+0.6 7.05x10*
9l 100:.0 + 0.8 7.16x10®
9Im 78.7+0.3 8.20x10°3
9n 87.6 £0.7 4.80x101
90 81.3+04 4.00x102
9p 85.3+04 5.60x10°
9q 97.8+0.8 1.80x10°
or 100.0+ 0.4 9.03x107

Anacetrapib 60.5 + 0.6 5.00x107°
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SD: Standard deviation, *: at concentration of 0.08 pM.

Notably, introducing p-CF3;on two aromatic rings and p-OCF3
on the third ring (9g) suggesting that m-or p-CF3 on two aromatic
rings are recommended to incite the activity. Moreover, the
importance of p-OCF; on the third ring is comparable to that of
p-CF; indicating that a hydrophobic contour surrounding the p-
position. However, tailoring three aromatic rings with 3,5-bis-CF3
(9k) potentiates the activity inferring the worthiness of the
number of hydrophobic groups, appropriate positions, and
corresponding steric effect. Incorporating of o-F on two aromatic
rings and p-CF;zon a third ring (9¢) and attaching of p-OCF; on
two aromatic rings and p-CFson a third ring (9f) increases the
activity but not to the samesextent of those of 9h, 9, and 9r.
Harmoniously, attaching of m-CE;z on,two aromatic rings and 3,5-
bis-CF; on a third(ring (9q), incorparating two 0-OCF; on two
aromatic rings and the third ring unsubstituted (9p), and
introducing«wo»o-CH; ‘on two aromatic rings and p-OCF;on a
third ring’(9m) increases the activity but not to the same extent
of those of 9h, 9l, and 9r.

Collectively, introducing two ‘@-CH; on' two aromatic rings
and 3,5-bis-CF3 on‘a third ring (9n), incerporating two o-CH; on
two, aromatic rings and p-CFs on a third'ring (90), and tailoring
twa aromatic rings withyp-OCF3 andha third ring with 3,5-bis-CF;
(9e) vitalize the activity but not comparable to those of 9h, 9I,
and 9r. Attaching two m-CFRs on two aromatic rings and p-CFzon
a third ring (9i)and introducing two m-CF; on two aromatic rings
and p-OCF; on a,third ring (9j) inspires the activity but not
comparable to thoseyof 9h, 9l, and 9r. Similarly, tailoring two
aromatic rings with o-F and a third ring with 3,5-bis-CF; (9b)
ignites the activity whereas introducing two aromatic rings with
0-F and a third ring with two p-OCF; (9a) enhances the activity
but not the same range of those of 9h, 9l, and 9r. Furthermore,
tailoring three aromatic ring with p-OCF; (9d) arouses the activity
interrogating that hydrophobic force mediates inhibitor/CETP
interaction.

From the above analysis of the bioassay data, the concluded
structure-activity relationship is that regarding the XYzZ-
substituted aromatic ring, the presence of p-CF; group (X=CF3)
offered the optimum CETP inhibition as seen in compounds 9l
and 9r. While, the presence of p-OCF; group (X=OCF3) or 3,5-
bis-CF; (Y=2=CF;) provided comparable less inhibitory activities
as perceived in compounds 9g and 9h, respectively. On the
other hand, concerning the ABCD-substituted aromatic ring, the
presence of 3-CF; group (B=CF3) as in inhibitors 9g and 9h, 2-
CF; group (A=CF;) as in inhibitor 9r, and 3,5-bis-CF3; (B=D=CF3)
as in 9l offered the optimum CETP inhibition. Whereas,
substitutions like 2-F, 2-OCHjs, and 4-OCF; (A=F, A=OCHjs, and
C=0CF;, respectively) presented relatively less active
derivatives as in compounds 9a, 9d, 9b, 9e, 9n, and 90.

In Silico Studies Results

In order to assess the manipulation of IFD program, we
matched the docked pose of ORP in CETP (PDB ID: 4EWS [25])
to its native template in the crystal assembly. Figure 2
demonstrates the superimposing of the IF-derived ORP and its
original conformation in 4EWS. The RMSD for heavy atoms of
ORP between IF-extracted docked pose and the native pose was
1.443 A. Result implies that IFD can generate the original
geometry in crystal trajectories and identify the conformation of
inhibitor binding.
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Figure (2): The superposing of the IF-docked ORP pose (pink
color) and its native trajectory (green color) in 4EWS. Picture
portrayed by PYMOL.

A A F263
F2e5 1443
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Lzzs d /
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Q124 7\\

R201 R201

/?\

La68 A La68

0199 A202 Q199 A202

Figure (4): The IF docked conformations of (A) 9k, and (B) 9l in
4EWS binding site. H-Bond is pictured.in blue dotted line. Picture
portrayed by PYMOL.

Table (2): The IFD scores (kcal/mol), H-bonding, and MMGBSA AGbinding (kcal/imol).

Cpd IFD H-Bond -1 stacking MMGBSA Cpd v H-Bond MMGBSA
scores AGbinding D § AGbinding
9a -13.33 Q199 F263, F265 84.6 9k -14.09 Q199 -110.3
9b -13.11 NA F263 -89.1 al -15.06 Q199, S230 -97.3
9c -11.94 R201 -83.1 9m -12.61 C13, S230 -91.8
ad -11.05 NA -105.5 9n -11.92 NA -99.5
9e -13.07 | R201, H232 -108.8 90 -12.23 R201 -93.7
of -11.78 NA H232 -95.1 9p -12.33 Q199 -96.9
9g -11.29 NA -79.4 9q -11.72 c13 -87.6
oh -11.82 NA -96.7 or -13.39 Q199, R201 -91.9
9i -12.35 C13,:S230 F265 -101: Torcetrapib -9.57 R201 NA
9j -13.52 NA FZng,gfﬂ' -89.7 Anacetrapib | -11.69 Q199 -90.1

NA: Not available.

In order toyexplain the structural-basis ' of binding of
anacetrapib, co-ligand (ORP: ‘torcetrapib), .and 9a-r, we
executed induced-fit docking (IFD) studies [26-28] against the
coordinates of CETP (PDB'ID: 4EWS) binding domain [25]. The
IFD results illustrate that ORPj,. anacetrapib, and 9a-r
accommodate 4EWS binding cleft (Figure 3).

: FZGSQ
o

.
F265 F263 1443

13 /’>

Figure (3): (A) 4EWS binding domain harboring the IF-docked
poses of 9a-e, and (B) Superimposing of the IFD geometry of 9d
(sand) and ORP (green color). Picture portrayed by PYMOL.
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The IFD data inform that hydrophobic force predominates
inhibitor/CETP complex formation (Figures 4-6) (Supplementary
Figures 1S-7S).

Published: An-Najah National University



2 \e
223 ;’;g
o\
Il 7 %
4263 s
N 264 VAL
\ :
H . \
N T PHE
e} % 1
° 195
o /
- )M
2
B = £
2 w
LEU SER
179 730 N
PHE ( 27
=
&
U / SN———
Y
y

8
Hs 40
ere ) PHE
an s
N
H
el
68

1 s OSO* 7

=0 70
20 68

i
508~ > {

PHE

v

Figure (5): The inhibitor/CETP complex of (A) 9a, and (B) 9d.
The hydrophobic curve is green colored. Picture portrayed, by
MAESTRO [26].

The hydrophobic interactioniis extrapolated from the nearby.
residues surrounding the ligand. The maode, of interaction is like
dissolve like and this supports that hydrophobic ligand' is
surrounded by hydrophabic residues. By inspecting,the aromatic
and hydrophobic binding‘residues (green color) that are spread
over the hinding domain, it was found that the binding domain
encloses 111, V12, 115, 182, L129, V136, A195, V198, A202,
1205, L206, 1215, V222, 1223, L228,F263, W264, F265, F441,
1443, F463, and L468. Such residues are aromatic and
hydrophobic. And, the ligand interaction tool in SCHRODINGER
highlight such residues by green contour as globally agreed and
is described as greasy i.e. due to its lipophilic characteristic.
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Figure (6): The inhibitor/CETP complex of (A) 9b, and (B) 9c.
The hydrophobic curve is green colored. Picture portrayed by
MAESTRO [26].

The hydrophobic contour surrounds the backbone of all
ligands interrogating that hydrophobic interaction drives
ligand/receptor complex formation as shown in Figures 5 and 6
and Supplementary Figures 1S -3S beside the aromatic-
aromatic interaction (m—r stacking) for compounds (9a, 9b, 9f,
9i, and 9j) as seen in Table 2. Compounds bind with C13, Q199,
R201, and H232 through H-bond (Table 2). Further docking
studies reported the prevalence of these residues in
inhibitor/CETP interaction [19, 22]. Interestingly, the core
structure of this scaffold is rigid due to the presence of four
aromatic rings and incorporation of one and/or two carbonyl motif
(s) in the side chain; both features decrease the number of
generated conformations in the binding domain and
consequently increase the binding affinity.

The reported Prime MMGBSA results estimate the binding
free energy more accurately than docking scores and are
valuable for indicating the strength and stability of binding
interactions, disclosing binding free energies (AG), ranging
between -79.4 to -110.3 (kcal/mol). The more the negative the
AG, the more stable (LR) complex [29, 30]. Indeed, the AG of the
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verified analogues surpass that of co-crystallized ligand (ORP)
and the reference inhibitor (Anacetrapib) anticipating the
matching of analogues’ core structures to CETP key binding
residues.

In order to explore the scaffold’s core nucleus and attached
groups, we screened the series against a recorded
pharmacophore model of active CETP inhibitors [19]. Results
demonstrate that the verified derivatives validate the fingerprint
of CETP active inhibitors (Figure 7) and subsequently elaborate
the binding score values against CETP binding domain.
Remarkably, the harboring of analogues in CETP binding site
interprets their potential inhibitory activity.

F1:Aro|PiN|Hyd|Acc|Don

Figure (7): Pharmacophore model of CETP active inhibitor with
9b. Acc represents H-bond acceptor; Aro aromatic ring; Cat
cationic group; Don H-bond donor; Hyd hydrophobic group; and
PiN Tr-ring. Picture portrayed by MOE [31]:

Conclusion

Successful synthesis, characterization, and in vitro study-for
eighteen new trifluoro-oxoacetamido. benzamides 9a-r were
carried out. In vitro study showed that the targeted compounds
9a-r exhibit distinguished activity against, CETP, where
compound 9l has an ICs of 7.16 x 108 uM. Induced-fit docking
results illustrate that the ‘target compounds 9a-r accommodate
CETP binding cleft and ) that hydrophobic interaction
predominates inhibitor/ CETP “complex formation., Compounds
9a-r confirm_the “fingerprint of "CETP active inhibitors and
subsequently elaborate the binding score values against CETP
binding domain.
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