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A B S T R A C T

Novel derivatives of spiroimidazolidinedione were synthesized and evaluated as hypoglycemic agents through
binding to sulfonylurea receptor 1 (SUR1) in pancreatic beta-cells. Their selectivity index was calculated against
both aldehyde reductase (ALR1) and aldose reductase (ALR2). Aldehyde reductase is a key enzyme in the polyol
pathway that is involved in the etiology of the secondary diabetic complications. All structures were confirmed
by microanalysis and by IR, 1H NMR, 13C NMR and EI-MS spectroscopy. The investigated compounds were
subjected to molecular docking and an in silico prediction study to determine their free energy of binding (ΔG)
values and predict their physicochemical properties and drug-likeness scores. Compound 1′-(5-chlorothiophene-
2-ylsulfonyl)spiro[cyclohexane-1,5′-imidazolidine]-2′,4′-dione showed IC50 0.47 µM and 79% reduction in blood
glucose level with a selectivity index 127 for ALR2.

1. Introduction

Diabetes mellitus is a metabolic disease characterized by a chronic
increase in blood glucose level. This is mainly attributed to impaired
insulin secretion by pancreatic β cells and insulin resistance in per-
ipheral target tissues [1,2]. Sulfonylureas are common in the design of
oral hypoglycemic agents such as tolazamide 1 and glibenclamide 2
[3,4]. These derivatives play a crucial role in the improvement of in-
sulin secretion and the reduction of insulin resistance. They exert their
action via several mechanisms including pancreatic ones through in-
creasing insulin secretion from pancreatic beta-cells and the others are
extra-pancreatic by improving insulin resistance in peripheral target
tissues [5,6]. Despite numerous trials to control hyperglycemia, most
diabetic patients still suffer from one or more of the long-term diabetic
complications including retinopathy, nephropathy, neuropathy and
cataract [7,8]. The enlarged glucose flux during the polyol pathway,
which occurs in hyperglycemic conditions, is a potential factor in the
onset and progression of such chronic complications (Fig. 1) [9,10].
Aldose reductase enzyme (ALR2, E.C.1.1.1.21) is the first and key en-
zyme involved in the polyol pathway. The main role of ALR2 is to
catalyze the NADPH-dependent reduction of glucose to sorbitol. Aldose
reductase inhibitors (ARIs), therefore, could be considered as a phar-
macologically direct management for diabetic complications [11].

Various compounds have been designed to inhibit aldose reductase

(AR) [12]. These compounds can be classified into two main categories,
the first category comprises those containing a carboxylic acid moiety,
for example, 3-thiazolidineacetic acid derivative, which has been re-
ported to be a potent ARI with IC50 9 nM [13]. The second category
includes those based on a cyclic imide in the form of spirohydantoin
such as sorbinil 3 [11]. The carboxylic acid inhibitors were found to be
less potent than the spirohydantoin inhibitors in vivo [14]. This might
be due to the higher ability of the carboxylic acid derivatives to ionize
at physiological pH. Subsequently, these derivatives could not easily
cross the biological membranes. Moreover, the selectivity of a specific
aldose reductase (ALR) is crucial to avoid the undesirable side effects of
non-selective inhibitors. Thus, the medication of choice should dis-
criminate between aldehyde reductase (ALR1, EC 1.1.1.2) and aldose
reductase (ALR2, EC 1.1.1.21), since, ALR1 is responsible for an im-
portant detoxification mechanism in the liver [15,16]. However, the
structure of ALR1 has 65% homology with ALR2, however some dif-
ferences in their respective active sites provide the basis for their se-
lective inhibition [17,18]. The present work has aimed to design and
synthesize a single medication that can control the plasma glucose level
and also reduce adjunctive secondary diabetic complications via ap-
plying a mixed pharmacophore theory (Fig. 2) [19,20].

A literature survey showed that, in 2013, Iqbal et al. reported the
design and synthesis of 3′-(4-chlorophenylsulfonyl)spiro[cycloheptane-
1,5′-imidazolidine]-2′,4′-dione 4 with an IC50 value of 1.8 μM against
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ALR2 [21]. In 2015, they also found that 3′-(4-chlorophenylsulfonyl)
spiro[fluorene-9,5′-imidazolidine]-2′,4′-dione 5 was 53-fold more se-
lective towards ALR2 (with an IC50 value of 0.89 µM) compared with
ALR1 [5]. In 2017, Andleeb et al. reported the design and synthesis of
(Z)-4-((3-(2methoxyphenyl)-4-oxo-2-thioxothiazolidin-5-ylidene)me-
thyl)phenyl-4-chlorobenzene-sulfonate 6 as an aldose reductase in-
hibitor with an IC50 value of 0.46 µM and 93-fold selectivity for ALR2
over ALR1 with no apparent potential for hypoglycemic activity [14].
Herein we assumed the optimization of the structure of these valuable
candidates; compounds 4 and 5. Therefore, this study has been focused
on modifying spirohydantoin derivatives based on the enhancement of
the binding affinity of the newly synthesized compound and improve-
ment of its physicochemical properties according to Lipinski's “rule of
five” “Ro5” [22–24]. This was applied through two main strategies.
Strategy one was the design of various hydrophobic moieties attached
to the spirohydantoin core particularly the flexible cyclohexanonyl ring
and the rigid fluorenonyl one. Strategy two was studying different aryl
and heteroaryl sulfonyl moieties and exploring their biological influ-
ence.

2. Results and discussion

2.1. Chemistry

Spiroimidazolidinedione derivatives II and VI were prepared as
previously reported [5,25]. The synthetic procedures involved the re-
action of 9-fluorenone I (Scheme 1, series A) and cyclohexanone V
(Scheme 2, series B) with ammonium carbonate (NH4CO3) and po-
tassium cyanide (KCN) in 50% aq. Ethanol [25]. 3-Arylsulfonyl deri-
vatives IIIa and IIIb (series A) and VIIa–d (series B), respectively, were
prepared via the coupling of compounds II and VI with various ar-
ylsulfonyl chlorides (ArSO2Cl) in triethylamine (Et3N) and dimethyla-
minopyridine (DMAP) in CH2Cl2 [26]. Compounds IIIa, IIIb and VIIa–d
were further converted to their 1-arylsulfonyl analogues IVa, IVb and
VIIIa–d, respectively using sodium hydride (NaH) under dry conditions
(Schemes 1 and 2) [27].

The structures of the newly synthesized compounds were confirmed

by microanalyses and spectral data (IR, 1H NMR, 13C NMR and EI-MS),
which showed full agreement with their structures. The IR spectra
showed bands for anti-symmetric and symmetric O]S]O absorptions
in the range of 1350–1322 cm−1 and 1175–1140 cm−1, respectively.
The presence of a band for the NeH stretching in the range of
3400–3200 cm−1 also indicated the successful coupling between the
aryl sulfonyl chloride derivatives and spirohydantoin compounds re-
sulting in the synthesis of 3-arylsulfonylspiroimidazolidine-2,4-diones,
IIIa and IIIb (series A) and VIIa–d (series B). The 1H NMR spectra of
compounds IIIa, IIIb and VIIa–d displayed singlets at 5.70–6.00 ppm.
This peak referred to only one imidazolidinedione NH group and con-
firmed the successful coupling of the other NH moiety. The character-
istic multiplets assigned to fluorenonyl protons appeared downfield at
7.15–8.08 ppm and hexanonyl protons upfield at 1.39–2.08 ppm.
Compounds IIIa and IVa showed doublets assigned to thienyl protons at
6.41–7.04 ppm. Moreover, compounds IIIb and IVb displayed doublets
assigned to the phenyl protons at 8.09–8.20 ppm. The 13C NMR spectra
showed signals for spiro[fluorene-9,5′-imidazolidine]-2′,4′-dione,
phenyl, thienyl and spiro[cyclohexan-1,5′-imidazolidine]-2′,4′-dione
rings at the expected regions. Additionally, the mass spectra of com-
pounds IIIa, IIIb, IVa and IVb (series A) and for compounds VIIa, VIIb,
VIIIa and VIIIb (series B) showed the presence of molecular ion peaks
M+ and their isotopes M++2, characteristic for sulfur and halogen-
containing compounds. The 1H NMR spectra of compounds IVa and IVb
and compounds VIIIa–d confirmed the successful rearrangement by the
appearance of the downfield singlets at 12.16–12.55 ppm assigned to
the NH group at position 3. This was accompanied by the disappearance
of the upfield singlets corresponding to the NH group at position 1
observed in the spectra of compounds IIIa, IIIb and compounds VIIa–d,
respectively. Regarding series B, compounds VIIb–d and VIIIb–d dis-
played doublets assigned to the phenyl protons at 7.49–7.96 ppm.
Furthermore, the 1H NMR spectra of compounds VIIc and VIIIc are
characterized by the appearance of singlets at 2.30 and 2.19 ppm, re-
spectively, assigned to the protons of the methyl group. Concerning
compounds VIId and VIIId, their 1H NMR spectra are characterized by
the appearance of singlets at 3.90 and 3.80 ppm, respectively, referred
to the protons of the methoxy groups.

Fig. 1. A schematic interaction diagram elucidating the metabolism of glucose to sorbitol in polyol pathway by aldose reductase (AR) under hyperglycemic con-
ditions [11]. AGE: Advanced glycated end product; AR: Aldose reductase; GSH: Glutathione; SDH: Sorbitol dehydrogenase.
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