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Introduction

Synthesis of microwave-assisted carboxamides in
Triton WR-1339-induced hyperlipidemic rats:
possible hypolipidemic heterocyclic compounds

Basmah Al-Jammal,}? Buthaina Hussein, © +§*® Yusuf Al-Hiari,®® Tareq Al-Qirim,?
Manal Al-Najdawi,® Lama Hamadneh,® Mohammad Alwahsh® and Balgis Ikhmais®

The hypolipidemic effect of furan carboxamide derivatives was investigated using the Triton WR-1339 rat
model. Nineteen compounds were synthesized, including furan-2-carboxamides of benzophenones and
acetophenones (a(1-4)), anilines and amine derivatives (a(5-9)), picolinic-2-carboxamide derivatives of
benzophenones and acetophenone (a(10-12)) and furan-2-carboxylate esters of benzophenones and
acetophenones, substituted phenols and alcohols (b(1-7)). All the necessary steps were taken to
synthesize, purify, and characterize these compounds. They were synthesized by reacting acyl chlorides of
the heterocycles with their corresponding amines in the presence of pyridine and tert-butyl acetate. While
the conventional heating method yielded acceptable yields for some of the reactions under reflux, the
microwave synthesis reactor achieved significantly higher yields for others. Rats with hyperlipidemia were
induced with Triton WR-1339 and then subjected to in vivo testing via an intraperitoneal injection of
200 mg kg™* Triton WR-1339. The model was tested using an oral dose of bezafibrate (100 mg kg™3). After
7 hours of treatment with Triton, the new derivatives represented by compounds a(1-2), a(4-5), a7, and
a(10-12) showed significant activity against the complete lipid profile, including a decrease in triglyceride,
total cholesterol, and low-density lipoprotein cholesterol and an increase in high-density lipoprotein
cholesterol plasma levels. At 20 mg kg™ dose, these compounds were superior to other lipid-lowering
agents in reducing triglyceride levels and slightly increased high-density lipoprotein cholesterol levels.
These results indicate a mutual mechanism of action of novel compounds with fibrates, where they have
a marked effect on triglyceride and high-density lipoprotein cholesterol levels; for example, a5 causes
a significant reduction (p 0.0001) of triglyceride levels by 86%, and a remarkable increase (p 0.0001) in
high-density lipoprotein cholesterol plasma levels by 65% as compared to hyperlipidemic rats.

new hypolipidemic agents. Our research team published
studies that demonstrated the lipid-lowering effect of hetero-

Numerous illnesses are a common source of grievance in
modern life." Hyperlipidemia has significant adverse effects on
health, causing diabetes, insulin resistance, and obesity. Also, it
is considered the main risk factor for atherosclerosis leading to
various cardiovascular diseases.>™* Despite extended research to
find new drugs, antihyperlipidemic therapy is still deprived of
high efficacy and safety.>” Accordingly, there is still a need for

“Department of Pharmaceutical Sciences/Faculty of Pharmacy, The University of
Jordan, Amman-11942, Jordan

*Faculty of Pharmacy, Al-Zaytoonah University of Jordan, Amman-17138, Jordan.
E-mail: Buthina. hussein@zuj.edu.jo

‘Faculty of Pharmacy, Isra University, Amman-11622, Jordan

“Department of Basic Medical Sciences, Faculty of Medicine, Al-Balga Applied
University, Al-Salt, Jordan

T Electronic  supplementary information
https://doi.org/10.1039/d3ra03581f

i Both authors contributed equally.

(ESI) available. See DOI:

§ Author for correspondence and reprint requests.

© 2023 The Author(s). Published by the Royal Society of Chemistry

cyclic carboxamides, including but not limited to indole,
benzofuran, furan, and pyrrole 2-carboxamide derivatives.
Other compounds include nicotinic acid carboxamide deriva-
tives (pyridine-3-carboxamide derivatives) and isonicotinic car-
boxamide derivatives (pyridine-4-carboxamide derivatives) that
also demonstrated antihyperlipidemic activity, Fig. 1.**

All compounds were evaluated by Triton WR-1339-induced
hyperlipidemic rats, a well-known model used in screening
new agents with a potential lipid-lowering activity, Fig. 2.5

As compared with the standard control group (NG) in Fig. 2,
Triton WR-1339 leads to a remarkable increase in triglyceride
(TG) (p < 0.0001) and total cholesterol (TC) (p < 0.0001) plasma
concentrations when measured 7 h after Triton intraperitoneal
injection (i.p.). More than six folds and TC increased the plasma
TG by 1.5 folds. On the other hand, Triton WR-1339 reduce
HDL-cholesterol (HDL-C) plasma levels by 0.75 fold (p < 0.0001).
The Hyperlipidemic group (HG) group has also revealed that
LDL cholesterol (LDL-C) increased significantly by two folds (p <
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Fig. 1 Examples of the previous works done by our team and their percentage reduction of triglyceride after 7 or 18 hours of treatment, the
percentage compared to the control percentage reduction, which is either bezafibrate (Bz) or fenofibrate (FF).
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Fig.2 The effect of Triton WR-1339 and bezafibrate on rat lipid profile
after 7 h of administration. Values are mean + SEM from five rats in
each group. NG: normal control group; HG: hyperlipidemic control
group; BZF: hyperlipidemic rats treated with the bezafibrate control
group; TG: triglyceride; TC: total cholesterol; HDL-C: high-density
lipoprotein-cholesterol; LDL-C: low-density lipoprotein-cholesterol.
HG is compared to NG. BZF is compared to HG. *p < 0.05, ***p <
0.0001.

0.0001) after 7 h from Triton injection. Fig. 2 confirmed the
model's validity, where the control group, the hyperlipidemic
rats treated with bezafibrate (BZF), showed a significant
reduction of TG and LDL-C levels compared with the HG group.
It also increased the HDL-C and TC levels.

The hypolipidemic activity of carboxamide derivatives was
attributed to three essential components: a heterocyclic ring,
a sizeable lipophilic moiety, and a carboxamide linker.** The
previous publications®*** have focused on carboxamide as
a linker with either benzophenone or anthraquinone
substitutions.

22194 | RSC Adv, 2023, 13, 22193-22204

Hikmat et al., 2017, initiated a preliminary investigation on
only two furan carboxamide derivatives as antihyperlipidemic
agents, Fig. 3. It was found that furan benzophenone exhibited
excellent antihyperlipidemic activity.'*

This initial investigation of furan, which considers similar
isosteric heterocycles to indole, pyrole, and benzofuran, showed
excellent antihyperlipidemic activity in our previous work,*™* in
addition to its small size as a ring, its flexibility compared to the
previous heterocycle ring, and the established pharmacological
importance and the wide diversity of biological activities
exhibited by heterocyclic carboxamide derivatives prompted
this search to synthesize furan as the heterocyclic system with
amide or ester linkers and investigate their effects on the
activity and explore different substituents in the lipophilic part
(Scheme 1). On the other hand, three picolinic-2-carboxamide
derivatives have been synthesized and tested in this work as
an initial investigation of a new class of different heterocycle
rings.

Results and discussion
Chemistry

Furan-2-carboxamides of benzophenone, acetophenone,
aniline, and amines derivatives (Scheme 2). This project

o)
° N
\ | H
Fig. 3 Active furan carboxamides derivatives.
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Scheme 1 Simplified design for the synthesized compounds.

investigates different carboxamide side chains, including
benzophenone, acetophenone, phenyl, and even alkanes
(Scheme 2), on lipid profiles. This is useful to shed some light
on the SAR of these new hits, including lipophilicity and the size
effect.

Procedure A, furan-2-carboxamide derivatives (al-a9) were
synthesized by coupling different amino benzophenones, ace-
tophenones, aniline or alkyl amine to furan-2-carbonyl chloride
(furoyl chloride) (2) (Scheme 2).* Furoic acid (1) was converted
to furoyl chloride (2) using thionyl chloride with toluene
(solvent) under the fume hood for 30 h at reflux (90-100 °C).
This reaction was time-consuming, giving low yields. Using
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oxalyl chloride did not improve the conditions or yields.
Procedure A is based on conventional heating that consumes
lots of starting materials and time, producing reasonable but
not excellent yield. Therefore, a more efficient amide coupling
method was necessary at this stage to produce higher yields. A
microwave synthesis reactor (a more yielding and safer method)
was attempted (procedure B) and compared to conventional
heating as an alternative (Table 1). Using the same procedure of
amide synthesis microwave conditions applied, the procedure
involved adding 1 mole of the amine with pyridine and TEA,
followed by adding two moles of furoyl chloride (2) in a specific
glass vial (30 ml). The reactions occurred in a microwave

R=

al1:4-benzoylphenyl
o] a2:3-benzoylpheny
a3:2-benzoylpheny
a4:4-acetophenyl
a5:4-methoxyphenyl
a6:4-chlorophenyl*
ar7:butyl
a8:phenyl
a9:1,3-dimethoxy-5-methylphenyl

R=
a10:4-benzoylphenyl
a11:3-benzoylphenyl*
al12:4-acetophenyl

a (10-12)
R=
0 b1:4-benzoylpheny*
O(_COOH O._cocl O _R  b2:2-acetophenyl
@/ I U L \ / 0 b3:phenyl
orn b4:3,5-dimethoxyphenyl*
! 2 b(1-7) b5:butyl

b6:4-chlorophenyl
b7:4-methylphenyl

Scheme 2 Preparation of furan-2-carboxamide derivatives a(1-7) and furan-2-carboxylate ester derivatives b(1-7). i: SOCl,, toluene, 90-100 °
C, ii: triethylamine, pyridine, 80-100 °C, 24 h, reflux. Procedure B; iii: pyridine and TEA in microwave synthesis, 15 min, 50, or 80°, * compounds

with star are novel compounds.
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Table 1 Comparison between conventional heating and microwave
synthesis reactor

Time Temperature Average yield
Conventional heating (A) 24 hours 80-100 °C =40%
Microwave (B) 15 minutes 50 or 80 °C =80%

synthesis reactor for 15 minutes at 50 or 80 °C. This purification
was more straightforward, and the reaction yielded higher
amounts of the desired amide compounds. The crude mixture
was treated with a base in an aqueous system, followed by
filtration and sometimes hot filtration to give pure products.
Few reactions needed a recrystallization process but no chro-
matography. For Scheme 2 compounds a6, al1, b1, and b4 are
novel while others are previously reported al; a2, and a4,"” a3,"®
a5; a10, a7,2° a8,* a10,2 a12,% b2,2* b3, b5, b6,>” b7.2

Furan-2-carboxylate esters of benzophenones, acetophe-
nones, substituted phenols, and alcohol derivatives. Furan-2-
carboxylate ester derivatives (b1-b7) were synthesized by
coupling different hydroxy benzophenones, acetophenones,
substituted phenols, and alcohols with furan-2-carbonyl chlo-
ride (2) (Scheme 2) using microwave synthesizer. Applying the
same procedure of 1-furan-2-carboxamides of benzophenone
and acetophenone derivatives.

Picolinic-2-carboxamide derivatives of benzophenones and
acetophenone. The heterocycle picolinic acid was explored in an
attempt to study other heterocycles than furan. Picolinic acid
was used to investigate the effect of a m-deficient heterocyclic

View Article Online
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system containing a COOH group at C2 similar to furan-2-
COOH (furoic acid). The most promising side chains (biologi-
cally active) were chosen, including 4-aminobenzophenone, 3-
aminobenzophenone, and 3-aminoacetophenone derivatives.
These three amines were coupled to picolinoyl chloride (4) to
yield the corresponding picolinic-2-carboxamide derivatives
(a10-12), as shown in Scheme 2.

Picolinyl chloride (4) was prepared from picolinic acid (3)
using thionyl chloride (SOCL,) and toluene under reflux (80 °C).
Procedure B was used for the preparation of compounds a10
and all. At the same time, compound al2 was prepared by
reacting picolinoyl chloride (4) with 4-aminoacetophenone
under reflux (90 °C) for 24 hours without any catalyst. Only
dioxane was added as a solvent. The reaction furnished the
product (a12) but with a low yield.

Hypolipidemic activity

(Table 2) shows the TG, TC, HDL-C, and LDL-C plasm levels
after administering the compounds to Triton-treated rats.
Plasma TG levels were significantly suppressed (86%, p <
0.0001), (84%, 84% p < 0.001), (82%, 80% p < 0.05) following the
administration of compounds a5, a2, a7, a4, and a1, respectively
concerning HG group. However, compounds a3, a6, b1, b2, b3,
b4, b6, and b7 show a weak reduction in TG levels compared to
the previous compounds. The TC levels were significantly
decreased (21%, 5%, P < 0.0001), (14%, 33%, 27%, 10% p <
0.001), (12%, 5% p < 0.05) after administration of compounds
a5, a10, a7, all, al2, a2, a4 and al respectively with respect to
HG group. Contrary to the BZF, which caused an increase in TC

Table 2 Effect of compounds a(1-12) and (b1-7) on plasma lipid profile in Triton WR-1339-induced hyperlipidemic rats®

Lipid profile TG mg dI™* TC mg dl™* HDL-C mg dI* LDL-C mg dI*
NG 55.2 + 0.4 64.2 + 0.8 41.2 + 0.5 30 £ 0.35
HG 370 + 3.2¢ 94 + 0.71¢ 31.5 + 0.36¢ 62.2 + 0.91¢
BZF 95.6 + 1.8¢ 1253 + 1.5 40.2 + 1.3? 56.0 + 1.1
al 75.6 + 1.2° 89 + 1.2° 37.6 + 0.41° 31 + 0.32°
a2 58.3 £ 0.9° 85 =+ 0.95° 44 + 0.65° 27 +0.21°
a3 340 + 2.8 96 + 1.6 27 4 0.21 61 & 0.84
a4 65 + 0.78° 83 + 0.75° 39 + 0.12° 33 £ 0.12°
a5 50.2 & 1.3¢ 74.5 £+ 0.91¢ 52 + 0.47¢ 25 + 0.45¢
a6 352 + 4.6 110 + 2.2 33 + 0.66 67.4 & 0.47
a7 60.4 & 0.85° 81 & 1.4° 41 4 0.28° 29 4 0.32°
a8 352.9 + 9.5 92.7 + 8.2 31.7+3 63.4+5

a9 361.3 £ 7.3 91.6 + 5.5 294+ 8 59.1 £ 7.4
a10 109.2 + 4.7° 88.7 4+ 9.57 34.5 + 10° 38.6 + 4.9”
all 20.0 & 2.2° 62.2 £ 2.9 49.8 & 6° 21.2 £ 3.7°
al2 29.9 + 4.7° 68.8 + 4.5° 39.6 + 6° 26.12 + 1.2¢
b1 361 + 4.1 93 4+ 2.1 30 & 0.31 59 £ 0.42
b2 368 + 4.3 97.3 + 1.1 29 + 0.45 64 + 0.95
b3 443 +2.1¢ 96.2 + 0.5¢ 30.2 + 0.22¢ 71 + 1.1¢
b4 302 + 1.1° 81.6 + 1.9° 38 4 0.51° 56 =+ 0.4°
b5 NA NA NA NA

b6 421 +1.9° 88.4 +1.2° 32 + 0.43° 62.2 + 0.8”
b7 390 £ 2.2° 91.2 & 1.5° 33.2 & 0.42° 60.1 & 1.1°

“ Values are expressed as mean + SEM from five rats in each group. NG, normal control group; HG, hyperlipidemic control group; BZF; bezafibrate
control group, al-a12, b1-b4, and b6-b7 + 4% DMSO for each compound, TC; total cholesterol, TG; triglyceride, HDL-C; high-density lipoprotein-
cholesterol, LDL-C; low-density lipoprotein-cholesterol. All compounds are compared with HG. HG is compared with NG.? p <0.05.° p <0.001.% p <

0.0001.
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levels, our novel above compounds resulted in a significant
reduction. However, no significant differences in plasma TC
levels were observed compared to HG-treated rats with a3, a6,
a8, a9, b1-4, b6, and b7. Furthermore, HDL-C levels, the results
show that HDL-C plasma levels were significantly increased
(65% p < 0.0001), (58%, 40%, 30%, 25%, p < 0.001), (24%, 19% p
<0.05) in the presence of compounds a5, al1,a2,a7,al12, a4 and
al respectively as compared to HG-group (Table 2). In contrast,
no significant difference was found in HDL-C levels with
compounds a3, a6, a8, a9, a10, b1-4, b6, and b7 compared to
HG-treated rats. The same pattern was seen for the LDL-C levels,
where the increase in plasma LDL-C levels made by Triton WR-
1339 was significantly suppressed (60%, 38%, p < 0.0001), (66%,
58%, 57%, 53% p < 0.001), (50%, 47% p < 0.05) in the presence
of compounds a5, a10, all, a12, a2, a7, al and a4 respectively,
concerning HG-group. At the same time, no significant differ-
ences in LDL-C levels were detected with compounds with a3,
a6, a8, a9, b1-4, b6, and b7 compared to HG-treated rats. In
summary, a significant reduction in TG, TC, and LDL-C and an
increase in HDL-C plasma levels were noticed with compounds
all, al2, a5, a2, a7, al, and a4.

SAR and chemistry

This research indicates that furan carboxamides are potential
antihyperlipidemic compounds. These findings go smoothly
with our proposed hypothesis. As a heterocyclic ring, furan was
previously established for its hypolipidemic properties with two
compounds.*** However, this work deeply investigated car-
boxamide derivatives with amide and ester linkers.

Table 2 demonstrates the significant reduction in TG, TC,
and LDL-C and the increase in HDL-C plasma levels after the
treatment with compounds a1, a2, a4, a5, a7, a10, al1, and a12,
with the most significant results relating to a1l at a minimal
dose (20 mg kg™ ).

380
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Surprisingly enough, the active compounds at the dose of 68
UM (20 mg kg™ ') and after 7 h of Triton injection have revealed
activity against the complete lipid profile, including TG, TC,
HDL-C, and LDL-C, with the most significant results regarding
TG plasma levels, Fig. 4. These findings introduce a new
hypolipidemic compound with synergistic action at low doses
against the entire lipid profile for the first time. Bearing in mind
that contrary to fibrates, they reduce TC levels (for example,
bezafibrate (276 uM, 100 mg kg~ * body weight)). Unexpectedly,
the active compounds significantly increased HDL levels, an
essential issue in hyperlipidemia with no treatment yet. One
agent only addresses this problem; niacin, usually used at high
and toxic doses. Furthermore, despite increasing HDL levels by
both niacin and sometimes fibrates such as gemfibrozil (Lopid)
or certain statins, such as simvastatin (Zocor) and rosuvastatin
(Crestor), these drugs have failed to protect the human body
from heart attacks.

This pattern of activity is similar to the reported fibrates
reduction pattern, which points out the mutual mechanism of
action of the furan compounds with fibrates in that they have
marked TG and HDL-C activity. It was reported that fibrates
stimulate lipoprotein lipase gene expression.*® They stimulate
peroxisome proliferator-activated receptor alpha (PPARa),
which controls the expression of gene products that mediate the
metabolism of TGs and HDL. As a result, the synthesis of fatty
acids, TGs, and VLDL is reduced, while that of lipoprotein
lipase, which catabolizes TGs, is enhanced. In addition, Apo A1
and ATP binding cassette Al production are upregulated,
leading to increased reverse cholesterol transport via HDL.
Consequently, fibrates reduce TGs by up to 50% and increase
HDL-C by up to 20%, but LDL-C changes are variable.>*

From a chemical point of view, the similarity in the struc-
tural scaffold of the furan benzophenone carboxamides and
fibrates was very distinct. It was noted that fenofibrate exhibited
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Fig. 4 Effect of compounds a(1-12) on total cholesterol (mg dl™%) (TC), triglycerides (mg dl™Y) (TG), high-density lipoprotein-cholesterol (mg
dl™) (HDL) and low density lipoprotein-cholesterol (mg dl™) (LDL) after 7 h. Values are mean + SEM. Hyperlipidemic control group (HG), normal

control group (NG).
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Fig. 5 Fibrates scaffold similarity with our novel compounds.

a benzophenone group attached to a fibric acid unit. Most
fibrates, including bezafibrate, have a similar scaffold to our
system in that the fibric acid (A, free or ester prodrug) is
attached to a lipophilic side chain (C) through an H-B acceptor
linker (B) such as ether (Fig. 5).

Scaffold similarity might explain to some extent the pattern
similarity on lipid profile and, of course, the close mechanism
of action/targets to fibrates. However, the unusual activity of
these compounds and the different patterns on TC levels might
suggest an additional mechanism(s) by these compounds that
need to be validated. The assumption of additional mechanism
for these derivatives was verified by the publication of our team
with closely related indole benzophenone derivatives,* where it
revealed that, bezafibrate,” most of the

was unlike
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overexpressed genes by Triton were down-regulated by
compound N-(3-Benzoylphenyl)-1H-Indole-2-carboxamide with
significant decreases in Apoc3, Apob, Acaa2, Acsl1, and Slc247a5
gene expression levels. However, N-(4-benzoylphenyl)-1H-
indole-2-carboxamide and bezafibrate did not significantly
affect the upregulated gene expression levels in acute hyper-
lipidemic mice treated with Triton WR1339”.

In conclusion, it is accepted that these active compounds not
only have an additional mechanism to bezafibrate but might
also have additional and different mechanisms between them-
selves, explaining their different reduction activity on lipid
profile (Fig. 6).

The structure-activity relationship of this work reveals that
furan carboxamides have unusual activity. Ester derivatives
tested (b1-4 and b6-7) of this work (Table 2) displayed no
activity against plasma lipids. The possibility of fast hydrolysis
of the ester compound can explain this finding.

(Table 2) shows that substitutions at 3 and 4-benzophenones
(a2 and a1, respectively) were more active than position 2 (a3).
The a3 derivative lost antihyperlipidemic activity ultimately.
This indicates that the lipophilic side chain is essential; the
extended linear form is also required in active hits. Fig. 7 shows
that a3 exhibited a non-extended, non-linear, V-shaped struc-
ture. This 3D orientation makes the NH of the amide and the
carbonyl group of the benzophenone in proximity, possibly
permitting intra-molecular hydrogen bonding (H-B) between
the molecule functionalities, concealing them from interaction
with the receptor or target (Fig. 7).

Further clues to support this H-B comes from NMR spectra.
It was noticed that the NH proton peak was downfield shifted in
a3 to around 11 ppm, compared to al and a2, which appeared at
a lower value of 10.4. Similarly, the keto-carbonyl in a3 was
downshifted/deshielded to 197 compared to al and a2, which
appeared at 195.

Previously, it was found that benzophenone, in particular,
had a superior antihyperlipidemic effect. In this work, we
revealed that lipophilic groups, including benzophenone, ace-
tophenone, and anisidine, are all essential since they are part of
the active compounds. For some compounds, 3-benzophenone
showed the best percentage of reduction in lipid profile,
whereas, in others, the acetophenone or anisidine effect was

TG % reduction compared with HG

100%

80%
T so% S 82% 86%

60%
40%
20%

0%
al a2 e a5

Fig. 6
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Fig.7 Possible intramolecular H-B of a3 (MOE 2014.0901, ChemDraw
Ultra 15.0).

dominant. Such variation in the potency suggests again shared
and additional mechanisms for each. Lipophilicity was the
most important with extra H-B acceptor group bridge in the side
chain, such as carbonyl in both benzophenone and acetophe-
none (al, a2, a10, al1, and a4, a12) and methoxy oxygen in a5.
While lacking, this H-B acceptor may explain the inactivity of
others (a6, a8).

Picolinic acid derivatives were very comparable to furan
derivatives, such as a4 and a12 which only differ in the heter-
cycle moiety (furan vs. pyridine), suggesting the possibility of
using other heterocycle rings. Picolinic acid derivatives still
need further investigation.

Referring to the previously reported derivatives [8-15] and in
addition to these new derivatives, we can conclude preliminary
SAR criteria for active hits, including 5 or 6-ring heterocycle (A)
with H-B acceptor atom, carboxamide linker (B), lipophilic side
chain (C) with H-B acceptor bridge in addition to limited size to
one or two rings, and finally extended linear structure (Fig. 8).

Experimental part
Chemistry

Chemicals, reactants, and solvents were bought from
commercial sources and used without further purification. Thin
layer chromatography (20 cm x 20 cm, layer thickness 0.20
mm) aluminum sheets pre-coated with silica gel 60
(MACHEREY-NAGEL, Germany). Silica Gel (70-230 Mesh) from
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(Sigma-Aldrich, USA), was used to make preparative TLC plates
that were visualized under a UV lamp (Spectroline, Model CX-
20, USA). Melting points (m.p.) were measured using a Stuart
scientific electro-thermal melting point apparatus at the faculty
of pharmacy, University of Jordan, and are uncorrected. Nuclear
Magnetic Resonance Spectra (NMR) were verified on Bruker 500
MHz-Avance III (500 MHz) at Hamdi Mango Center at The
University of Jordan. Chemical shifts (6) are described in ppm
related to tetramethylsilane (TMS). H1 NMR data are reported
as chemical shift (ppm), multiplicity, and coupling constant
(Hz). C'>-NMR data are reported as chemical shift (ppm), the
corresponding carbon(s), Low resolution (LRMS), and High-
resolution mass spectra (HRMS) were measured in positive or
negative ion mode using electrospray ionization (ESI) technique
by collision-induced dissociation on a Bruker APEX-4 (7 Tesla)
instrument at the department of chemistry, The University of
Jordan. Microwave 300 by Anton Paar GmbH (Microwave
Synthesis Reactor) was used for the synthesis at the faculty of
pharmacy, The University of Jordan.

Synthesis procedures for targeted compounds

Furan-2-carboxamides derivatives a(1-7)

Procedure A. In a round-bottomed flask, pyridine (8.65 mmol),
triethylamine (TEA, 5 mmol), and (4-amino benzophenone,
acetophenone 5.07 mmol) were placed, and the mixture was
stirred for 5 minutes. Furoyl chloride (20.3 mmol) was added
dropwise to the mixture and left for stirring under reflux for 24 h
at 100 °C. Dioxane was then added to the reaction mixture with
cold water and 5 M NaOH (20 ml) solution until the pH of the
media was basic. Suction filtration was carried out to yield the
product. Two steps of recrystallization took place, the first one
using DCM (50 ml) and charcoal with heating followed by
gravity filtration, and the second one DCM : Hexane (1 :2); (20
ml : 40 ml) that gave pale yellow powder.

Procedure B. The starting material (e.g., p-anisidine 4.06
mmol) was weighed and placed in a 30 ml vial with pyridine
(8.65 mmol, acylation catalyst) and triethylamine (5 mmol, acid
scavenger). The mixture was stirred for 5 minutes, then furoyl
chloride (10.14 mmol) was added dropwise, and the vial was

Substitution should
be on C4' or C3'

Lipophilicity could
increase the activity

The heterocycle and its
/ substitution need
further investigation
| )5
o X | Any heterocycle
with H-B acceptor atom

Part A

Carboxamide or

any H-B linker is
essential.

Fig. 8 Preliminary SAR of active antihyperlipidemic furan carboxamide hits.
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placed in the microwave for 15 minutes at a temperature of 50 ©
C. The reaction was worked up by adding cold water to the solid
mixture (50 ml), and the pH was adjusted to 10 using potassium
carbonate (K,COj3) to remove the excess starting material, stir-
ring for 10 minutes. Suction filtration was carried out to obtain
the product.

N-(4-Benzoylphenyl)-2-furamide (a1). The product was
collected as pale yellow solid (0.7 g, 47%); R 0.36 (DCM:
MeOH, 95 : 5); m.p.: 142-144 °C; "H-NMR (500 MHz, DMSO-d,):
6 =10.52 (br s, 1H, NHCO), 7.93 (br s, 3H, Ar-H-5, 2’ & 6'), 7.73
(d,J = 7.1 Hz, 2H, Ar-H-2" & 6”), 7.68 (d, J = 5.4 Hz, 2H, Ar-H-3"
&5"),7.61 (brs, 1H, H-4"), 7.51 (br s, 2H, Ar-H-3’ & 5'), 7.40 (br s,
1H, Ar-H-3), 6.69 (br s, 1H, Ar-H-4); ">C-NMR (125 MHz, DMSO-
de): 6 = 195.09 (CO-ketone), 156.92 (CONH), 147.59 (C-2), 146.65
(C-5), 143.35 (C-1), 137.97 (C-1"), 132.75 (C-4"), 132.22 (C-4),
131.41 (C-2' & 6'), 129.88 (C-2" & 6”), 128.96 (C-3" & 5"), 119.92 (C-
3’ & 5), 116.02 (C-3), 112.77 (C-4) ppm. HRMS (ESI, positive
mode): m/z (M" + H'): found 292.09682 (C,3H;4,NO;) requires
292.09737.

N-(3-Benzoylphenyl)-2-furamide ~ or  N-[3-(phenylcarbonyl)
phenyl] furan-2-carboxamide (a2). The product was collected as
pure off-white crystals. (0.25 g, 17%); Rg: 0.34 (DCM : MeOH, 95 :
5); m.p.: 185-187 °C; "H-NMR (500 MHz, DMSO-d¢): 6 = 10.39
(br s, 1H, NHCO), 8.15 (br s, 1H, Ar-H-2'), 8.06 (d, J = 7.95 Hz,
1H, Ar-H-6'), 7.90 (s, 1H, Ar-H-5), 7.72 (d, ] = 7.4 Hz, 2H, Ar-H-2’
"& 6"), 7.64 (dd, J = 7.35, 7.3 Hz, 1H, Ar-H-4"), 7.54 (4, ] =
7.55 Hz, 2H, Ar-H-3" & 5”), 7.49 (m, 1H, Ar-H-5"), 7.42 (d, ] =
7.55 Hz, 1H, Ar-H-4"), 7.32 (d, ] = 3.25 Hz, 1H, Ar-H-3), 6.66 (d, ]
= 1.55 Hz, 1H, Ar-H-4); C-NMR (125 MHz, DMSO-dg): 6 =
195.25 (CO-ketone), 156.88 (CONH), 147.70 (C-2), 146.41 (C-5),
139.24 (C-1'), 137.87 (C-1"), 137.48 (C-3"), 133.16 (C-2'), 130.11
(C-2" &6"),129.46 (C-6'), 129.03 (C-3" & 5"), 125.32 (C-4"), 124.65
(C-5"), 121.77 (C-4), 115.57 (C-3), 112.68 (C-4) ppm. HRMS (ESI,
positive mode): m/z (M" + Na"): found 314.07876 (C,3H;3NNaO;)
requires 314.07931.

N-(2-Benzoylphenyl)-2-furamide (a3). The product collected as
a yellow powder (0.5 g, 17%); Rg 0.74 (DCM : MeOH, 95:5);
m.p.: 109-110 °C; "H-NMR (500 MHz, DMSO-d, Rotamers): 6 =
11.00 (br s, 1H, NHCO), 8.04 (br s, 1H, Ar-H-5), 7.86 (d, J =
8.05 Hz, 1H, Ar-H), 7.68-7.55 (m, 4H, Ar-H), 7.54-7.41 (m, 3H,
Ar-H), 7.22 (d, J = 7.1 Hz, 1H, Ar-H), 7.19 (br s, 1H, H-3), 6.60
(br s, 1H, H-4); *C-NMR (125 MHz, DMSO-d): 6 = 197.27 (CO-
ketone), 156.41 (CONH), 147.62 (C-2), 146.42 (C-5), 137.97 (C-1),
137.80 (C-1"), 133.33 (Ar-CH), 133.01 (Ar-CH), 132.00 (Ar-CH),
130.13 (C-2" & 6"), 128.72 (C-3" & 5”), 128.44 (C-2'), 124.25 (Ar-
CH), 123.38 (Ar-CH), 115.74 (C-3), 112.86 (C-4) ppm. HRMS
(ESI, positive mode): m/z (M' + Na'): found 314.07877
(C18H13NNaO3) requires 314.07931.

N-(4-Acetylphenyl)-furan-2-carboxamide (a4). The product was
collected as light orange pure solid (1.52 g, 45%); Ry: 0.3 (DCM :
MeOH, 98 : 2); m.p.: 181-184 °C; 'H-NMR (500 MHz, DMSO-d):
6 =10.43 (s, 1H, NHCO), 7.93-7.85 (m, 5H, Ar-H-2', 3', 5, 6' & 5),
7.36(d,J = 3.35 Hz, 1H, Ar-H-3), 6.67 (d, ] = 1.7 Hz, 1H, Ar-H-4),
2.49 (s, 3H, COCHj,); "*C-NMR (125 MHz, DMSO-d6): 6 = 197.04
(CO-ketone), 156.87 (CONH), 147.61 (C-2), 146.59 (C-5), 143.49
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(C-1'), 132.51 (C-4), 129.75 (C-3’ & 5), 119.89 (C-2 & 6'), 115.94
(C-3), 112.76 (C-4), 26.90 (CH3) ppm. HRMS (ESI, negative
mode): m/z (M" — H'): found 228.06662 (C,3H,,NO;) requires
228.06607.

N-(4-Methoxyphenyl)-furan-2-carboxamide (a5). The product
was collected as a light pink pure solid. TLC revealed that the
product was pure without additional recrystallization steps.
(0.54 g, 61.2%); Re: 0.62 (DCM : MeOH, 98 : 2); m.p.: 108 °C; 'H-
NMR (500 MHz, DMSO-d,): 6 = 10.02 (s, 1H, NHCO), 7.86 (s, 1H,
H-5),7.61(d,] = 8.8 Hz, 2H, Ar-H-2' & 6'), 7.24 (d,J = 3.1 Hz, 1H,
H-3), 6.88 (d,J = 8.8 Hz, 2H, H-3' & 5), 6.64 (br s, 1H, Ar-H-4),
3.69 (s, 3H, OCH3); >C-NMR (125 MHz, DMSO-dg): 6 = 156.42
(CONH), 156.09 (C-4'), 148.20 (C-2), 145.89 (C-5), 131.98 (C-1'),
122.48 (C-3' & 5'), 114.74 (C-3), 114.24 (C-2' & 6), 112.52 (C-4),
55.63(0CH;) ppm. HRMS (ESI, positive mode): m/z (M" + Na):
found 240.06311 (C;,H;;NNaOj3) requires 240.06366.

N-(4-Chlorophenyl)-furan-2-carboxamide (a6). Procedure B is
used to get light gray pure crystals of the product (16). (1.4 g,
80.5%); Rg: 0.88 (DCM:MeOH, 98:2); m.p.: 150-153 °C; 'H-
NMR (500 MHz, DMSO-d¢): 6 = 10.27 (br s, 1H, NHCO), 7.89
(s, 1H, H-5), 7.75 (d, J = 8.65 Hz, 2H, Ar-H-2' & 6), 7.35 (4, ] =
8.65 Hz, 2H, Ar-H-3' & 5), 7.30 (d, J = 3.25 Hz, 1H, Ar-H-3), 6.66
(d,J = 1.4 Hz, 1H, Ar-H-4); C-NMR (125 MHz, DMSO-d): 6 =
156.69 (CONH), 147.76 (C-2), 146.32 (C-5), 138.01 (C-1'), 129.00
(C-3'&5),127.84 (C-4"), 122.31 (C-2' & 6), 115.49 (C-3), 112.67 (C-
4) ppm.

N-Butylfuran-2-carboxamide (a7). Procedure B used a light
orange product with a waxy texture was obtained. (2 g, 59%); R
0.38 (DCM : MeOH, 98 : 2); m.p.: 39-42 °C; ‘H-NMR (500 MHz,
DMSO-dg): 6 = 8.26 (br s, 1H, NH-CO), 7.75 (br s, 1H, H-5), 7.01
(d,J = 3.1 Hz, 1H, H-3), 6.55 (d,J = 1.35 Hz, 1H, H-4), 3.16 (q, ] =
6.5 Hz, 2H, CH,-1), 1.42 (m, J = 7.25 Hz, 2H, CH,-2), 1.25 (m, J
= 7.4 Hz, 2H, CH,-3'), 0.84 (t, ] = 7.3 Hz, 3H, CH;-4"); >C-NMR
(125 MHz, DMSO-dg): 6 = 158.12 (CONH), 148.62 (C-2), 145.16
(C-5), 113.39 (C-3), 112.17 (C-4), 38.54 (CH,-1'), 31.77 (CH,-2'),
20.04 (CH,-3"), 14.13 (CH;-4") ppm. HRMS (ESI, positive mode):
m/z (M + Na'): found 190.08385 (CoH;3NNaO,) requires
190.08440.

N-Phenylfuran-2-carboxamide (a8). Procedure B was used to
obtain pure gray product crystals (a8). TLC revealed that the
product was pure without additional recrystallization steps.
(5.4 g, 96%); Ry 0.5 (hexane : ethylacetate, 7 : 3); m.p.: 121-125 ©
C; "H-NMR (500 MHz, DMSO-dg): 6 = 10.15 (s, 1H, NHCO), 7.88
(s, 1H, Ar-H-5), 7.75 (d, ] = 7.9 Hz, 2H, Ar-H-2’ & 6'), 7.30 (m, 3H,
Ar-H-3',5' & 3), 7.05 (dd, J = 7.3, 7.25, 1H, Ar-H-4'), 6.64 (d, ] =
1.2 Hz, 1H, Ar-H-4); "*C-NMR (125 MHz, DMSO-d,): 6 = 156.73
(CONH), 148.07 (C-2), 146.07 (C-5), 139.02 (C-1'), 129.09 (C-3' &
5'), 124.21 (C-4'), 120.90 (C-2’ & 6'), 115.18 (C-3), 112.59 (C-
4) ppm. HRMS (ESI, positive mode): m/z (M" + H'): found
188.07060 (C;,H40NO,) requires 188.07115. LRMS (ESI, positive
mode): m/z (M* + H'): 188.07 (M™, 47%), 161.04 (10%), 160.04
(100%), 82.97 (9%), 46.4 (15%), 42.0 (7%).

N-(3,5-Dimethoxyphenyl)-furan-2-carboxamide (a9). Procedure
B was used to recrystallize the product from DCM/hexane (1 : 3);
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(15: 45 ml) to furnish pure golden needle-like crystals. (1.06 g,
66%); Re: 0.6 (DCM : MeOH, 98: 2); m.p.: 102-105 °C; '"H-NMR
(500 MHz, DMSO-d¢): 6 = 10.04 (s, 1H, NHCO), 7.88 (s, 1H,
Ar-H-5), 7.29 (s, 1H, Ar-H-3), 7.02 (s, 2H, Ar-H-2' & 6'), 6.65 (s,
1H, Ar-H-4), 6.22 (s, 1H, Ar-H-4'), 3.68 (s, 6H, 20CHj); "*C-NMR
(125 MHz, DMSO-dg): 6 = 160.84 (C-3’ & 5'), 156.67 (CONH),
147.92 (C-2), 146.20 (C-5), 140.69 (C-1'), 115.24 (C-3), 112.62 (C-
4), 99.03 (C-2' & 6), 96.17 (C-4"), 55.56 (20CH;) ppm.

Synthesis of picolinic-2-carboxamide derivatives a(10-12). A
mixture of picolinic acid (3) (5 g, 40.61 mmol) and thionyl
chloride (SOCI,) (6 ml, 82.2 mmol) in 60 ml of toluene was
added in a round bottom flask. The reaction mixture was
refluxed for 24 h at 80 °C till the completion of the reaction.
Toluene was added to the mixture (2x) and evaporated under
a vacuum to remove excess thionyl chloride. The oily product
picolinoyl chloride (4) (4 ml, 36.65 mmol) was used as starting
material for the synthesis of the a(10-12). Compounds a10, a1l
were synthesised using procedure B, while a12 synthesised
using procedure C.

Procedure C. Picolinoyl chloride (4) (1 ml, 9.16 mmol) was
added to 4-aminoacetophenone (0.5 g, 3.7 mmol) in a round
bottom flask, with dioxane (20 ml) and refluxed for 24 hours at
temperature 90 °C with stirring.

Work up: cold water (60 ml) was added to the mixture with
stirring for 10 minutes, and the pH was adjusted to 11 using
potassium carbonate (K,CO;) to remove the excess starting
material.

N-(4-Benzoylphenyl)-pyridine-2-carboxamide (a10). Procedure
B and the crude product were purified using preparative TLC
plates to afford pure beige solid. (0.46 g, 60%); Rs: 0.64 (DCM :
MeOH, 98 : 2); m.p.: 161-166 °C; "H-NMR (500 MHz, DMSO-d,):
6 = 10.94 (br s, 1H, NHCO), 8.72 (d, J = 4.15 Hz, 1H, H-6), 8.14
(d,J = 7.7 Hz, 1H, H-3), 8.09 (d, J = 8.3 Hz, 2H, H-2' & 6), 8.04
(dd, J = 7.65, 7.65 Hz, 1H, H-4), 7.74 (d, ] = 8.35 Hz, 2H, H-3' &
5'), 7.70-7.59 (m, 4H, H-2", 6", 5 & 4"), 7.52 (dd, J = 7.4, 7.5 Hz,
2H, H-3" & 5"); *C-NMR (125 MHz, DMSO-dg): 6 = 195.09 (CO-
ketone), 163.49 (CONH), 150.04 (C-2), 148.96 (C-6), 143.01 (QC-
Ar), 138.68 (CH-Ar), 137.95 (QC-Ar), 132.76 (CH-Ar), 132.49
(QC-Ar), 131.37 (C-3' & 5'), 129.89 (C-2” & 6"), 128.96 (C3" & 5"),
127.67 (CH-Ar), 123.12 (CH-Ar), 120.09 (C-2’ & 6') ppm.

N-(3-Benzoylphenyl)-pyridine-2-carboxamide (a11). Procedure
B and the crude product were purified using preparative TLC
plates afford pure beige solid. (0.3 g, 39%); R 0.67 (DCM:
MeOH, 98 : 2); m.p.: 122-123 °C; "H-NMR (500 MHz, DMSO-d,):
6 = 10.94 (br s, 1H, NHCO), 8.69 (d, J = 4.4 Hz, 1H, H-6), 8.37
(brs, 1H, H-2), 8.15 (d, J = 8.05 Hz, 1H, H-6'), 8.12 (d,/ = 7.8 Hz
1H, H-3), 8.02 (dd,J = 7.65,7.65 Hz, 1H, H-4), 7.74 (d, ] = 7.3 Hz,
2H, H-2" & 6"), 7.67-7.60 (m, 2H, H-4' & 5), 7.56-7.48 (m, 3H, H-
5,3" & 5"), 7.45 (d, J = 7.65 Hz, 1H, H-4"); >*C-NMR (125 MHz,
DMSO-d): 6 = 196.05 (CO-ketone), 163.39 (CONH), 150.19 (C-2),
148.91 (C-6), 139.04 (QC-Ar), 138.59 (CH-Ar), 137.94 (QC-Ar),
137.48 (QC-Ar), 133.17 (CH-Ar), 130.15 (C-2" & 6”), 129.44 (CH-
Ar), 129.04 (C-3" & 5”), 127.51 (CH-Ar), 125.49 (CH-Ar), 124.85
(CH-Ar), 122.99 (CH-Ar), 121.92 (CH-Ar) ppm.
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N-(4-Acetylphenyl)-pyridine-2-carboxamide (a12). The crude
product obtained from procedure C recrystallized from meth-
anol, including the charcoal step, has furnished pure yellow
solid. (P4AP, 39, 0.14 g, 15.7%); R¢ 0.55 (DCM : MeOH, 98:2);
m.p.: 166-170 °C; *"H-NMR (500 MHz, DMSO-dg): 6 = 10.94 (s,
1H, NHCO), 8.71 (d, J = 3.95 Hz, 1H, H-6), 8.13 (d, ] = 7.65 Hz,
1H, H-3), 8.04 (d,J = 8.4 Hz, 3H, H-3,5' & 4), 7.93 (d, J = 8.45 Hz,
2H, H-2' & 6'), 7.65 (dd, J = 5.3, 6.4 Hz, 1H, H-5), 2.51 (s, 3H,
CH3); "*C-NMR (125 MHz, DMSO-d): & = 197.09 (CO-ketone),
163.44 (CONH), 150.15 (C-2), 148.96 (C-6), 143.17 (QC-Ar),
138.68 (CH-Ar), 132.74 (QC-Ar), 129.74 (C-3' & 5'), 127.66 (CH-
Ar), 123.09 (CH-Ar), 120.06 (C-2' & 6'), 26.96 (CH3) ppm.

Synthesis of furan-2-carboxylate esters derivatives b(1-7)

Procedure B. The starting material (hydroxy benzophenone,
alcohols, and phenols) (21.2 mmol) was placed in a 30 ml vial
with pyridine (8.65 mmol, acylation catalyst) and triethylamine
(TEA, 5 mmol, acid scavenger). The mixture was stirred for 5
minutes, then furoyl chloride (FC, 2, 3 ml, 30.43 mmol) was
added dropwise, and the vial was placed in the microwave for 15
minutes at a temperature of 800 C. The crude mixture was
treated with potassium carbonate in cold water (70 ml, 2x) and
stirred for 10 minutes. Suction filtration was then carried out to
obtain the crude product. Two steps of recrystallization were
carried out, the first one using DCM (60 ml) and charcoal
(spoonful) with heating followed by gravity filtration, and the
second one was carried out to the solid produced in the first
step using methanol (15 ml) that furnished the product.

O-(4-Benzoylphenyl)-2-furester or O-[4-(phenylcarbonyl) phenyl]
furan-2-carboxylate (b1). This derivative was synthesized
following procedure A:The starting material 4-hydrox-
ybenzophenone (5.05 mmol) was placed in a round bottom flask
under the fume hood. Pyridine (8.65 mmol, acylation catalyst)
and triethylamine (5 mmol, acid scavenger) were added and
followed by the addition of furoyl chloride (10.15 mmol) grad-
ually to the reaction mixture at room temperature. The reaction
mixture was stirred under reflux for 24 h at 75 °C. After 24 h, the
TLC showed that the ester was formed as a major product, with
a different spot on the baseline for the hydrolyzed furoic acid.
Cold water was added to the solid mixture (50 ml), and the pH
was adjusted to 10 using potassium carbonate (K,CO;) to
remove the excess starting material. A white suspension was
filtered by suction filtration using a Buchner funnel under
a vacuum to obtain the product of interest. Recrystallization
from methanol has furnished the ester as off-white crystals.
(0.96 g, 66%); Re: 0.95 (DCM : MeOH, 98 : 2); m.p.: 124-125 °C;
'H-NMR (500 MHz, DMSO-d,): 6 = 8.09 (br s, 1H, H-5), 7.81 (d, J
= 7.4 Hz, 2H, Ar-H-3' & 5), 7.72 (d, ] = 6.50 Hz, 2H, Ar-H-2' & 6'),
7.64 (m, 1H, H-4"), 7.58 (br s, 1H, Ar-H-3), 7.54 (d, J = 6.55 Hz,
2H, Ar-H-2" & 6"), 7.44 (d, J = 7.4 Hz, 2H, Ar-H-3" & 5"), 6.78
(br s, 1H, Ar-H-4); *C-NMR (125 MHz, DMSO-dg): 6 = 195.19
(CO-ketone), 156.33 (COO-ester), 153.58 (C-2), 149.41 (C-5),
143.16 (C-1), 137.38 (C-1"), 135.26 (C-4), 133.20 (C-4"), 131.88,
130.05, 129.08, 122.58 (C-2',3/,5,6',2",3",5” and 6"), 121.15 (C-3),
113.34 (C-4) ppm. HRMS (ESI, positive mode): m/z (M" + Na*):
found 315.06278 (C;sH;,Na0,) requires 315.06333.
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2-Acetylphenyl furan-2-carboxylate (b2). White pure product
collected. (0.4 g, 21%); Rg: 0.71 (DCM : MeOH, 98 :2); m.p.: 91-
94 °C; "H-NMR (500 MHz, DMSO-dg): 6 = 8.07 (br s, 1H, H-5),
7.91 (d,J = 7.7 Hz, 1H, H-3), 7.64 (t, ] = 7.7, 7.7 Hz, 1H, H-5),
7.53(d,J =3.2,1H, H-3), 7.42 (t,] = 7.55, 7.55 Hz, 1H, H-4), 7.33
(d,J=8.05,1H, H-6'), 6.76 (d,J = 1.5 Hz, 1H, H-4), 2.48 (br s, 3H,
CH,); ">C-NMR (125 MHz, DMSO-d¢): 6 = 197.83 (CO-keton),
156.61 (CO-ester), 149.15 (C-5), 148.16 (C-2), 143.56 (C-1),
134.15 (C-3"), 131.25 (C-2'), 130.90 (C-5'), 127.05 (C-4'), 124.47 (C-
6'), 120.83 (C-3), 113.23 (C-4), 29.98 (CH;) ppm.

Phenylfuran-2-carboxylate (b3). White pure solid. (1.7 g, 43%);
Rg: 0.88 (DCM only); m.p.: 44-47 °C; "H-NMR (500 MHz, DMSO-
de): 6 = 8.06 (br s, 1H, H-5), 7.52 (d, J = 3.2 Hz, 1H, H-3), 7.42
(dd,j = 7.9, 7.55 Hz, 2H, H-3' & H5), 7.27 (dd, J = 7.15, 7.5 Hz,
1H, H-4), 7.22 (d, J = 7.85 Hz, 2H, H-2' & 6'), 6.75 (d, / = 1.6 Hz,
1H, H-4); >C-NMR (125 MHz, DMSO-d): 6 = 156.84 (COO-
ester), 150.35 (C-2), 149.08 (C-5), 143.49 (C-1'), 130.09 (C-3’ &
5'), 126.62 (C-4'), 122.32 (C-2' & 6), 120.62 (C-3), 113.20 (C-
4) ppm.

3,5-Dimethoxyphenyl furan-2-carboxylate (b4). Light brown
pure crystals formed. (1.08 g, 67.14%); R 0.47 (DCM only);
m.p.: 78-80 °C; "H-NMR (500 MHz, DMSO-d,): 6 = 8.05 (s, 1H,
H-5), 7.50 (d, ] = 3.2 Hz, 1H, H-3), 6.74 (d, ] = 1.45 Hz, 1H, H-4),
6.43 (br s, 2H, H-2' & 6'), 6.40 (br s, 1H, H-4"), 3.70 (br s, 6H,
20CH3;); "*C-NMR (125 MHz, DMSO-d¢): 6 = 161.31 (C-3' & 5'),
156.58 (CO-ester), 151.94 (C-2), 149.05 (C-5), 143.48 (C-1'),
120.59 (C-3), 113.19 (C-4), 100.92 (C-2" & 6'), 98.69 (C-4"), 55.97
(20CH3) ppm.

Butylfuran-2-carboxylate (b5). A dark brown oily pure product
was obtained. (0.84 g, 30.5%); R: 0.81 (DCM only); "H-NMR (500
MHz, DMSO-d,): 6 = 7.91 (br s, 1H, H-5), 7.23 (d, / = 3.3 Hz, 1H,
H-3), 6.63 (t,J = 1.65 Hz, 1H, H-4), 4.18 (t,J = 6.45 Hz, 2H, CH,-
1), 1.59 (m,J = 7.2 Hz, 2H, CH,-2), 1.33 (m, ] = 7.4 Hz, 2H, CH,-
3'), 0.86 (t, ] = 7.4 Hz, 3H, CH;-4'); 13C-NMR (125 MHz, DMSO-
de): 6 = 158.43 (CO-ester), 147.97 (C-5), 144.41 (C-2), 118.65 (C-
3), 112.69 (C-4), 64.57 (CH,-1'), 30.66 (CH,-2'), 19.07 (CH,-3"),
13.96 (CH;-4") ppm.

4-Chlorophenyl furan-2-carboxylate (b6). The fluffy white pure
product formed. (0.85 g, 50%); Rg: 0.95 (DCM only); m.p.: 86—
90 °C; "H-NMR (500 MHz, DMSO-de): 6 = 8.07 (br s, 1H, H-5),
7.53 (d, J = 3.4 Hz, 1H, H-3), 7.47 (d, J = 8.65 Hz, 2H, H-3' &
5'),7.29 (d,] = 8.65 Hz, 2H, H-2' & 6'), 6.76 (d, /] = 1.55 Hz, 1H, H-
4); 13C-NMR (125 MHz, DMSO-dg): 6 = 156.59 (CO-ester), 149.24
(C-2), 149.11 (C-5), 143.24 (C-1'), 130.81 (C-4), 129.99 (C-3’' & 5'),
124.31 (C-2’ & 6'), 120.91 (C-3), 113.26 (C-4) ppm.

4-Methylphenyl  furan-2-carboxylate ~ or  p-tolylfuran-2-
carboxylate (b7). White pure solid formed. (1.04 g, 56%); Rg:
0.88 (DCM only); m.p.: 53-56 °C; "H-NMR (500 MHz, DMSO-d,):
0 =8.04 (brs, 1H, H-5), 7.50 (d, J = 3.4 Hz, 1H, H-3), 7.20 (d, ] =
8.2 Hz, 2H, H-3' & H5'), 7.09 (d, J = 8.3 Hz, 2H, H-2' & 6'), 6.74 (d,
J = 1.7 Hz, 1H, H-4), 2.28 (s, 3H, CH;); 13C-NMR (125 MHz,
DMSO-dg): 6 = 156.98 (COO-ester), 148.99 (C-5), 148.13 (C-2),
143.57 (C-1'), 135.82 (C-4'), 130.41 (C-3' & 5), 121.97 (C-2' & 6'),
120.47 (C-3), 113.16 (C-4), 20.86 (CH;) ppm.
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An experimental model of
hyperlipidemia
Animals and treatments

Adult male Wistar rats, weighing about 200 g, were bred in the
animal house (faculty of pharmacy, Al-Zaytoonah University,
Amman, Jordan). They were provided ad-libitum (without
restriction) access only to tap water throughout the experi-
mental duration. Rats were kept in a 12 h light-dark cycle under
settings of constant humidity and temperature (22 + 2 °C). All
animal procedures were performed in accordance with the
Guidelines for Care and Use of Laboratory Animals of “Al-
Zaytoonah University, Amman, Jordan” and experiments were
approved by the Research Ethics Committee (IRB 22/5/2020-
2021).">** Triton was dissolved in distilled water and adminis-
tered intraperitoneal to the rats (200 mg kg™ body weight) to
induce hyperlipidemia. Dose selection was based on previous
work by our group and literature recommendations.****3

Experimental design

Overnight fasted rats were randomly divided into five major
groups of five animals. The first group, a standard control group
(NG), received an intraperitoneal administration of normal
saline. The second DMSO control group (DCG) received an
intraperitoneal administration of 4% DMSO, while the third
hyperlipidemic group (HG) received an intraperitoneal injection
of Triton (dissolved in distilled water). The fourth group (BZF)
was intraperitoneally injected with Triton and intragastrically
treated with bezafibrate (100 mg kg~ " body weight) dissolved in
4% DMSO."?** The fifth group was carried out for each
compound with its given code. Rats were intraperitoneally
injected with Triton and intragastrically treated with 1 ml of the
target compounds (20 mg kg~ body weight) dissolved in 4%
DMSO/distilled water or corn o0il."** This procedure was
utilized to prepare compounds 1 to 9 using distilled water, while
compounds 10-19 were dissolved in corn oil. After 7 h of
treatments, rats were anesthetized with diethyl ether, and blood
was collected from the renal artery.®® The blood samples were
immediately centrifuged (3000 rpm for 10 min), and the serum
was used for lipid analysis by an enzymatic method with an
automatic analyzer (Model Erba XL-300, Germany, Mannheim,
Germany).
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