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idine-based carbocyclic
nucleoside derivatives: synthesis, and in silico and
in vitro anti-diabetic and anti-microbial studies†
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Naresh Kumar Katari *ac and Sreekantha Babu Jonnalagadda c

Diabetes mellitus (DM) is a chronic metabolic disorder marked by high blood glucose levels, impairing

glucose production in the body. Its prevalence has steadily risen over the past decades, leading to

compromised immunity and heightened susceptibility to microbial infections. Immune dysfunction

associated with diabetes raises vulnerability, while neuropathy dulls sensation in the extremities, reducing

injury awareness. Hence, the development of novel chemical compounds for anti-diabetic and anti-

infective treatments is imperative to mitigate adverse effects. In this study, we designed and synthesized

pyrimidine-based carbocyclic nucleoside derivatives with C-4 substitution to assess their potential in

inhibiting a-glucosidase for managing diabetes mellitus (DM) and microbial infections. Compounds 8b

and 10a displayed promising IC50 values against a-glucosidase (43.292 nmol and 48.638 nmol,

respectively) and noteworthy docking energies (−9.4 kcal mol−1 and −10.3 kcal mol−1, respectively).

Additionally, compounds 10a and 10b exhibited better antimicrobial activity against Bacillus cereus, with

the zone of inhibition values of 2.2 ± 0.25 mm and 1.4 ± 0.1 mm at a 100 ml concentration, respectively.

Compound 10a also exhibited a modest zone of inhibition of 1.2 ± 0.15 mm against Escherichia coli at

100 ml.
1 Introduction

Diabetes Mellitus (DM) is a chronic metabolic disorder1 char-
acterized by elevated blood glucose levels, which impairs the
body's ability to produce glucose.2,3 Diabetes is directly
accountable for causing the deaths of 1.5 million people
annually. Over the past few decades, there has been a steady
increase in both the occurrence and the overall number of cases
of diabetes. Type 1 diabetes is caused by the autoimmune
destruction of pancreatic beta cells, requiring lifelong insulin
therapy,4,5 Type 2 diabetes is caused by poor diet, lack of exer-
cise, and obesity, leading to increased insulin resistance.6–8 a-
Glucosidase inhibitors are used to treat type 2 diabetes by
slowing the absorption of carbohydrates in the small intestine.9

These inhibitors have multiple advantages in controlling dia-
betes, including delayed digestion of complex carbohydrates,
slowing glucose release, reducing postprandial hyperglycemia,
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and regulating postprandial glucose levels.3,6 Typically used
alongside other anti-diabetic medications or insulin therapy, a-
glucosidase inhibitors can enhance a diabetes management
plan and are rarely used as initial treatments (Fig. 1).3,10

Diabetes can lead to reduced immunity and increased risk of
microbial infections.11 Chronic hyperglycemia can impair
neutrophil and macrophage infection defence, while wound
healing is impaired due to inadequate circulation and nerve
damage.12 Elevated blood glucose levels promote the prolifera-
tion of microorganisms that facilitate the accelerated growth of
pathogens such as bacteria and fungi.13 Diabetes-related
immune dysfunction increases vulnerability, and neuropathy
numbs extremities, reducing awareness of injuries and wounds.
Undiagnosed infections worsen, and urinary tract infections
increase.13 Diabetes-related neuropathy affects bladder func-
tion, causing incomplete emptying and infection risk. High
urine glucose allows germs to grow, and diabetics with
Fig. 1 Carbocyclic nucleoside analogues.
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Fig. 2 (a) Design of the molecules (b) MLP 3D representation of the
molecule, 8a (c) web representation of the physico-chemical prop-
erties of the molecule, 8a.
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retinopathy can see poorly, increasing skin and other infec-
tions.14 High blood sugar glycates proteins and impedes
infection-ghting proteins and immune cells.15 Therefore,
developing novel chemical compounds for anti-diabetic and
anti-infective medications is crucial to minimize side effects.
Several pharmaceutical compounds and prospective
compounds categorized as carbocyclic nucleosides have been
developed for the management of diabetes. Multiple studies
have conrmed the importance of carbocyclic pyrimidine and
purine derivatives in the eld of diabetes treatment. Carbocyclic
nucleoside derivatives have a wide range of applications in the
treatment of numerous disorders. Various instances can be
given, such as Abacavir (ABC), also referred to as Ziagen or
1592U89, which is a carbocyclic nucleoside analogue that is
chemically produced from guanosine. H2G, or (R)-9-[4-hydroxy-
2-(hydroxymethyl)butyl]guanine, is a type of nucleoside
analogue that has shown strong effectiveness against different
types of herpes viruses. Amprenavir, the h nonpeptidic
inhibitor of HIV-1 protease to be commercially accessible, was
initially created for the treatment of AIDS patients in combi-
nation with authorized antiretroviral nucleoside analogues.16,17

Carbocyclic nucleosides have been predominantly investigated
for their antiviral effects. However, they have also been exam-
ined for their ability to combat bacterial infections, particularly
in the context of diabetes treatment. Diabetes mellitus increases
the likelihood of different infections, such as bacterial infec-
tions, because it weakens the immune system and hampers the
wound healing process.18 Certain carbocyclic nucleosides
exhibit anti-inammatory effects, perhaps aiding in the reduc-
tion of inammation-related problems in diabetic patients and
indirectly decreasing the likelihood of bacterial infections.19

Recent studies indicate that some carbocyclic nucleosides may
demonstrate synergistic properties when used with traditional
antibiotics to combat bacterial infections as well.20

2 Results and discussion
2.1 Design and evaluation of physico-chemical properties

Lower molecular weight and lipophilicity compounds have been
shown to increase paracellular and transcellular absorption and
clearance,21–23 resulting in increased renal excretion,24,25 and
moderate toxicity.26 The “rule of 5” (Ro5) denes a drug-like
molecule (DLM). The Ro5 criterion includes molecules having
a molecular mass below 500, a log P value below 5, and
a hydrogen bond donor and acceptor count below 5 and 10
respectively.27–29 According to the Veber rule, compounds with
polar surface areas, hydrogen bond donors, and acceptors of
140, 10, or 12 improve oral bioavailability.30 Leeson et al. found
that NCEs approved from 1983 to 2002 had 16% to 23% higher
molecular mass, rings, rotatable bonds, and hydrogen bonding
groups. These qualities help build compounds with improved
ADMET.31–33 Physico-chemical characteristics are increasingly
important in determining a molecule's therapeutic potential
and efficacy during medication development (Fig. 2).31,32

Considering the aforementioned factors, the pyrimidine-
based carbocyclic nucleoside derivatives have been achieved
with diverse modications in terms of both structure and
9560 | RSC Adv., 2024, 14, 9559–9569
functionality (Table 1) (Fig. 3). The evaluation of physico-
chemical and structural properties through computational
methods entails the determination of various essential param-
eters. These parameters encompass heavy atoms (HA), heavy
aromatic atoms (HAA), rotatable bonds (RB), hydrogen bond
acceptors (HBA), hydrogen bond donors (HBD), molar refrac-
tivity (MR), and total polar surface area (TPSA). The SwissADME
tool is employed for this purpose. The results of this analysis
have been summarised in Table 1, and the observations are
consistent with the established criteria for “drug-likeness” as
outlined by the Lipinski, Ghose, Veber, Egan, andMuegge rules.

The pharmacokinetic characteristics of pyrimidine-based
carbocyclic nucleoside derivatives, such as gastrointestinal
absorption (GIA) and blood–brain–blood barrier (BBB) perme-
ability, have also been projected. The pharmacokinetic behav-
iours of all pyrimidine-based carbocyclic nucleoside derivatives,
including gastrointestinal absorption (GIA) and brain–blood
barrier (BBB), have also been predicted. By calculating the lip-
ophilicity (WLOGP versus TPSA), the Brain or IntestinaLEsti-
mateD Permeation method (BOILEDEgg) has been visually
shown (Fig. 3).34 It is projected that all molecules fall inside the
white ellipse and none fall inside the yellow ellipse and grey
region. This indicates that molecules could exhibit superior GIA
but poorer BBB properties. All substances whose efflux activity
in the Central Nervous System (CNS) was predicted by the P-
glycoprotein (PGP).
2.2 Synthesis of the C-4 substituted carbocyclic purine
compounds (8a–8h) and (10a–10c)

The 7-deazapurine scaffold can be easily substituted with
functional groups at the C-4 position by standard synthetic
chemistry. Scheme 1 illustrates a seven-step general synthetic
route for the preparation of 8a–8h and 10a–10c. The initial
formation of the product was identied by MS analysis with
their molecular weight. Their structures were conrmed by 1H-
NMR, 13C NMR and FT-IR. Most of the compounds were soluble
in polar solvents like DMF and DMSO. To synthesize these
compounds, we have performed a de-acetylation reaction
between compound 7 and commercially available LiOH$H2O to
give the corresponding compounds. The formation of C-4
substituted carbocyclic purines was conrmed by 1H-NMR,
13C NMR and FT-IR. In these compounds, the characteristic
methoxy (–methyl) proton shied to the downeld at d 4.0, the
pyrimidine ring proton was at around d 8.68 and the pyrrole ring
proton at 8.26 ppm (Z-Isomer) and proton at 7.82 ppm (E-
© 2024 The Author(s). Published by the Royal Society of Chemistry
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Table 1 Library of pyrimidine-based carbocyclic nucleoside derivatives
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isomer). In the 13C NMR spectra, the methoxy (O–Me) appeared
around d 53.5 ppm; the cyclopropyl carbons were found in the
region between d 10.6 to 13.4 ppm. In the 1H-NMR, the aromatic
methoxy group protons of compound 8d appeared at d 4.06–
4.04 ppm. In compound 8f, the C-4 substituted cyclopropane
CH proton multiplate signal was observed in Z and E isomers at
d 3.12–3.06 and 3.09–3.05 ppm. The 13C NMR of NH2 attached
carbon of compounds 8g and 8h was shied to downeld and
appeared at d 157.2 and the signal for carbon attached to two
nitrogen pyrimidine rings was shied to downeld and
appeared at d 152.4 respectively. The 13C NMR of 8a–8h were
recorded in DMSO as an internal standard, and the signal for
© 2024 The Author(s). Published by the Royal Society of Chemistry
two hydroxyl methyl attached carbon of cyclopropane ring
merged into the DMSO signal. The FT-IR data clearly dened
the presence of n(–C–X) at 600–500 cm−1 in all compounds
and n(–NH for amino) at 3501 cm−1 and n(–CN for amino) at
1250–1020 cm−1 in compound 8h. Structural conrmation was
done by NOESy1D for the 10c (Z-isomer) compound.

The alcohol protected (2-bromo-2-(bromomethyl)
cyclopropane-1,1-diyl)bis(methylen e) 6 was reacted with a C-4
substituted 7-deaza or 7-halo-7-deazapurines.35,36 N-glycidyla-
tion reaction (7a–7h) followed by deacetylation to afford the
desired compounds 8a–8h. The key moiety of alcohol protected
(2-bromo-2-(bromomethyl)cyclopropane-1,1-diyl)
RSC Adv., 2024, 14, 9559–9569 | 9561
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Fig. 3 BOILEDEgg of pyrimidine-based carbocyclic nucleoside
derivatives.

Scheme 1 Synthetic scheme for compounds 8a–8h and 10a–10c;
Reaction conditions: step-1: NaH, I2, THF, 0 °C RT, 16 h (Y: 76%); step-
2: t-BuOK, THF,−40 °C RT, 16 h (Y: 50%); step-3: LiAlH4, THF, 0 °C, 3 h
(Y: crude); step-4: Ac2O, pyridine, 0 °C – RT, 12 h (Y: 63% for 2 steps);
step-5: Br2, CCl4, 0 °C, 2 h (Y: 69%); step-6: NaH, DMF, 80 °C, 24 h (Y:
crude); step-7: LiOH$H2O, THF: H2O, 0 °C RT, 16 h (Y: 35–55% for 2
steps to all compounds).
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bis(methylene) compound 6 was prepared using the diethyl 2-
allylmalonate as a starting material, which on treatment with
NaH and Iodination with I2 gave diethyl 2-(iodomethyl)
cyclopropane-1,1-dicarboxylate moiety. This compound on
double bond formation with KOtBu resulted in diethyl 2-
methylenecyclopropane-1,1-dicarboxylate compound 3.
Compound 3 was reduced with LiAlH4 reagent resulting in the
intermediate 4.37 The compound 4 (ref. 38 and 39) in the pres-
ence of acetic anhydride and pyridine resulted in intermediate
5. Bromination with bromine gave the key intermediate 6 (ref.
40 and 41), with this intermediate conducted N-glycidylation
reaction with different C-4 substituted 7-deaza or 7-halo-7-
deazapurines resulted in their respective products 7a–7h in
65–70% yield. Further, deprotection with LiOH$H2O gave the
rst set of our target molecules 8a–8h (Table 1). The structures
of the nal compounds 8a–8h were conrmed by spectral
characterization data using 1H-NMR, 13C-NMR, MS, and FT-IR
(ESI†). 1H-NMR of compound 8a indicated singlet at
d 8.69 ppm for Pyrimidine ring proton (proton between nitro-
gen's), the doublet with chemical shi value of d 8.37–8.36 ppm
9562 | RSC Adv., 2024, 14, 9559–9569
for pyrrole ring proton (proton adjacent to NH) and 7.68 ppm
for alkene proton and the olen proton was seen in the down-
eld region of d 7.68 ppm. The 13C NMR spectra showed C-4
substituted methyl carbon shied upeld at d 21.1 and C7
position carbon shied at d 101.1 and d 111.6 for alkene carbon.
MS (ESI): m/z = 246.5 (M + H)+. The 13C signal for two hydroxyl
methyl attached carbon of cyclopropane ring merged into
the DMSO signal. The FT-IR data clearly dened the presence of
n(–C–O for alcohol) and n(–C]C for alkene) at 1029 and 1564 cm−1,
respectively.

To synthesize compounds 10a–c, the key building block
intermediate, 6(b) was used along with C-4 substituted 8-aza-7-
deaza purines42,43 and the same protocol was followed and
afford target compounds 10a–c (Table 1) (Scheme 1). In the 1H-
NMR spectrum of all the new compounds synthesized from
intermediate, 6(b), the characteristic 7-deaza (–CH–) proton
signal was observed at d 8.22 ppm. The two doublets were
observed d 3.65 and 3.52 ppm and one broad singlet was
observed for hydroxy at 4.87 ppm. cyclopropyl ring protons
ranged at d 1.40 ppm. Moreover, the broad singlet for pyrimi-
dine ring proton was observed around d 8.22 ppm. The 13C
signal was noticed at d 116.5 ppm for 7-deaza carbon, and the
13C signal for two hydroxyl methyl attached carbon of cyclo-
propane ring merged into the DMSO signal, respectively. MS
(ESI): m/z = 248.5 (M + H)+. In FT-IR, a strong band for n(C–O)
around 1035 cm−1, n(–C–O for primary alcohol) 3564 cm−1 was seen
d 1.44 and 4.88 ppm was correlation was observed on 10c (Z-
Isomer) by NOESy1D.

2.3 Docking studies

Molecular docking was performed on the synthesized
compounds. Further, screening was done using AutoDock Vina
for precision (Fig. 4). Among the screened compounds, the
compound with the highest docking energy was found to be
with 10a (E-Isomer) and 8b (E-Isomer), whereas the compound
with the lowest docking energy was 8c (E-Isomer). The
compound 10a (E-Isomer) demonstrated a docking energy of
−10.3 kcal mol−1. The presence of conventional hydrogen
bonding with Gln279, Arg442, Glu277, Asp215, and Arg213 is
evident, along with a carbon–hydrogen bond with Asp352.
Subsequently, compound 8b (E-Isomer) exhibited the second-
highest docking energy of −9.7 kcal mol−1. The presence of
conventional hydrogen bonds with Asp69 and Arg442 was
observed. Compound 8c (Z-Isomer) had the lowest docking
energy, with a value of −7.1 kcal mol−1. Conventional hydrogen
bonds with Asp215 and carbon–hydrogen bonds with Asp352
were observed (ESI Table 1†).

2.4 Inhibition of a-glucosidase by C-4 substituted
carbocyclic purine compounds

To assess the efficacy of the synthesized derivatives in treating
diabetes, an investigation was conducted to determine the
inhibitory capability of these compounds against a-glucosidase.
The results of this investigation are presented in the table.
Acarbose was employed as a positive control, exhibiting an IC50

value of 35.91 nmol. Two compounds, namely 8b (E-Isomer) and
© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 2D Ligand interaction diagrams for docking-compound: (A)8b (E-Isomer), (B) 10a (E-Isomer), (C) 8c (Z-Isomer) and (D) 8a (Z-Isomer)
against a-glucosidase (3A4B.PDBID).
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10a (E-Isomer), exhibited favourable IC50 values of 43.292 nmol
and 48.638 nmol, respectively. The compounds with relatively
low IC50 values were identied as 8f (E-Isomer) and 8c (E-
Isomer) with IC50 values of 91.714 nmol and 100.16 nmol,
respectively (ESI Table 2†).
2.5 Antimicrobial activity

2.5.1. Antibacterial activity. The synthesized molecules
were evaluated for their antibacterial activity against four
bacterial strains that included two Gram-positive bacteria
Bacillus cereus and Staphylococcus and two Gram-negative
bacteria Escherichia coli and Klebsiella. Ciprooxacin was used
as a positive reference (ESI Fig. 2†). The concentration of the
compounds used was 1 mg mL−1. The zone of inhibition was
determined and tabulated. According to the results, none of the
compounds were effective against Staphylococcus (Gram-
positive) and Klebsiella (Gram-negative) (ESI Table 2†). The
compounds failed to show any zone of inhibition for these
organisms on the Mueller–Hinton agar plates. When tested
against the Gram-positive bacteria Bacillus cereus, it was
observed that compounds 10a (E-Isomer), 10b (Z-Isomer and E-
Isomer), 10c (Z-Isomer and E-Isomer), showed inhibitory
activity. Maximum inhibition was observed using the
compound 10b (Z-Isomer) (2.2 ± 0.25 mm) at 100 ml. For the
Gram-negative Escherichia coli, the zone of inhibition was
observed using compound 10a (E-Isomer) only. The radius of
the inhibition was observed at 75 ml (0.9 ± 0.05 mm) and 100 ml
(1.2+/0.15 mm) (ESI Fig. 1A†).

2.5.2. Antifungal activity. The effectiveness of the synthe-
sized compounds as antifungal drugs was studied using Asper-
gillus niger. None of the synthesized derivatives showed any
effect on its growth as shown in ESI Fig. 1B.† Upon conducting
tests to evaluate the anti-fungal activity, it was observed that the
© 2024 The Author(s). Published by the Royal Society of Chemistry
synthesized compounds did not exhibit any inhibitory effects
against Aspergillus niger using uconazole as a control (ESI
Fig. 3†).

In a recent research, Nguyen et al. conducted a study on the
a-glucosidase inhibitory and antimicrobial properties of
benzoyl phloroglucinols derived from the fruit of Garcinia
schomburgkiana.44 The results of the antimicrobial assessment
demonstrated that a newly discovered polyprenylated benzoyl
phloroglucinol, referred to as schomburgkianone I (compound
1), as well as a previously identied compound known as gut-
tiferone K (compound 2), exhibited inhibitory effects on Staph-
ylococcus and Enterococcus faecium at the concentration tested.
However, no activity against Acinetobacter baumannii was
observed.44 In their study, Kaur et al. assessed the antibacterial
and anti-biolm properties of alpha-glucosidase inhibitors
derived from the endophytic fungus Alternaria destruens. The
efficacy of active fractions AF1 and AF2 derived from Aspergillus
destruens was assessed against various bacterial strains
including Salmonella enterica, Shigella exneri, Vibrio cholerae,
Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus,
and Candida albicans. The study demonstrated that AF1 had
antibacterial properties against all the pathogens that were
examined. In contrast, AF2 only exhibited antibacterial activity
against specic pathogens, including Staphylococcus aureus,
Vibrio cholerae, Salmonella enterica, and Candida albicans.40

Our ndings suggested that among the synthesized
compounds, 8bn (E-Isomer) and 10a (E-Isomer), exhibited
favourable IC50 values of 43.292 nmol and 48.638 nmol,
respectively. The positive control Acarbose has an IC50 value of
35.91 nmol. The IC50 value is associated with drug potency, i.e.,
the amount of drug necessary to induce the effect, the lower the
IC50 value, the more effective the drug.45 Acarbose exhibits
a better inhibitory effect against the enzyme a-glucosidase than
the produced chemicals. However, in comparison to the
RSC Adv., 2024, 14, 9559–9569 | 9563
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derivative 8c (E-Isomer), with an IC50 value of 100.16 nmol,
compounds 8b (E-Isomer), and 10a (E-Isomer), are more active,
comparatively. Results of docking also showed that the
compounds 8b (E-Isomer) and 10a (E-Isomer), showed good
docking scores of −9.4 kcal mol−1 and −10.3 kcal mol−1,
respectively.

New a-glucosidase inhibitors are always being explored. In
a study, the alpha-glucosidase inhibitor action of novel N-
substituted 5-benzylidene-2,4-thiazolidinedione derivatives
were performed. All substances demonstrated various degrees
of a-glucosidase inhibitory activity as compared to acarbose.
When compared to acarbose (IC50 = 67.06 ± 1.24 mM), most
compounds displayed extremely considerable inhibitory activity
towards a-glucosidase.46 Flavonoids are known to play a func-
tion in hypoglycemia via blocking a-glucosidase. A study indi-
cated that the diverse avonoid compounds exhibited
inhibitory activity and good docking score and the presence of
Asp 215 was implicated in the hydrogen-bonding interaction
between each avonoid with the enzyme. Also, hydrophobic
interactions with Tyr 72, Tyr 158, Phe 159, Phe 178, Asp 352, and
Arg 442 were found. These amino acids are recurrent in our
synthesized compounds as well.
3 Experimental section
3.1 Chemicals and reagents

All chemicals (reagent grade) used were purchased from Combi-
Blocks (USA), Johnson Matthey Co., Ltd (USA) and Enamine Ltd
(Ukraine). All the solvents used for the reaction are LR grade.
Analytical thin-layer chromatography (TLC) was performed on
pre-coated silica gel 60F254 plates, and visualization of TLC was
achieved by UV light. Flash column chromatography was
undertaken on silica gel (100–200 mesh). 1H NMR was recorded
at 400 or 500 MHz, and chemical shis were quoted in parts per
million (ppm) referenced to 0.0 ppm for tetramethyl silane. The
following abbreviations were used to describe peak splitting
patterns when appropriate: br= broad, s= singlet, d= doublet,
t = triplet, q = quartet, m =multiplet, dd = doublet of doublet.
Coupling constants, J, were reported in the hertz unit (Hz). ESI
mass spectra were obtained on Agilent andWaters instruments.
All the nal compounds were puried on GRACE ash chro-
matography by using C18 reverse-phase columns. The mobile
phase was a mixture of water (0.1% formic acid) and acetoni-
trile. Melting points were recorded on the Buchi M− 560
instrument.
3.2 Chemistry

3.2.1. Synthesis of compound 8a. To a solution of inter-
mediate 6 (1.0 eq.) in DMF (10 mL) at room temperature, NaH
(2.0 eq.), 4-methyl-7H-pyrrolo[2,3-d] pyrimidine (1.2 eq.) were
added and the resulting reactionmixture wasmaintained under
stirring at 80 °C for 24 h. The reaction mixture was allowed to
room temperature, diluted with ethyl acetate (25–30 mL), added
0.2 g of activated charcoal, and ltered through the celite. The
ltrate was partitioned between water and ethyl acetate. The
combined ethyl acetate layer was washed with brine, dried over
9564 | RSC Adv., 2024, 14, 9559–9569
anhydrous Na2SO4 and concentrated to afford crude reaction
mass (2-((4-methyl-7H-pyrrolo[2,3-d] pyrimidin-7-yl) methylene)
cyclopropane-1,1-diyl) bis(methylene) diacetate as a pale-yellow
oil. The crude proceeded to the next step without any further
purication. This crude was dissolved in THF : H2O (7 : 3 ratio,
10 mL) at 0 °C, LiOH$H2O (1.5 eq.) was added and the reaction
mixture was stirred at room temperature for 16 h. The reaction
mixture was partitioned between water (30mL) andDCM (30mL
× 3). The combined organic layer was washed with water (30
mL), and brine (30 mL), dried over anhydrous Na2SO4 and
concentrated. The crude was puried by GRACE ash chroma-
tography using a C18 column with water and acetonitrile as an
eluent to give the nal compound (Z)-(2-((4-methyl-7H-pyrrolo
[2,3-d]pyrimidin-7-yl)methylene)cyclopropane-1,1-diyl)
dimethanol 8a (Z-Isomer) as an off-white solid (125 mg, 42%
Yield for 2 steps) and (E)-(2-((4-methyl-7H-pyrrolo[2,3-d]
pyrimidin-7-yl)methylene)cyclopropane-1,1-diyl)dimethanol
(8a-E-Isomer) as an off-white solid (105 mg, 40% yield for 2
steps).

8a (Z-Isomer): 1H-NMR (400 MHz, DMSO-d6) d 1.22 (s, 2H,
Cyclopropyl CH2, shielding proton), 2.66 (s, 3H), 3.56–3.54 (d,
2H, J = 7.6 Hz, –C(CH2)), 3.66–3.64 (d, 2H, J = 10 Hz, –C(CH2)),
5.08 (brs, 2H, OH), 6.83 (d, 1H, J = 2.8 Hz, Ar–H), 7.68 (brs, 1H),
8.37–8.36 (d, 1H, J = 2.8 Hz, Ar–H), 8.69 (brs, 1H, Ar–H). 13C
NMR (400 MHz, DMSO-d6), d 10.74 (cyclo propyl carbon), 21.14,
30.49, 39.90 (–C attached to hydroxyl methyl) (merged in DMSO
moisture),43.85(–C(CH2)2), 62.30 (–C(CH2)2), 101.10 (–C7,
pyrrole ring),111.67, 114.76, 117.53, 125.44 (-C]C), and 148.45,
151.25, 159.048 (Ar–C). MS (ESI): m/z = 246.5 (M + H)+.

8a (E-Isomer): FT-IR (KBr): n(–O–H): 3363 cm−1; n(–C–O):
1029 cm−1; n(–C–C for aromatic ring): 1564 cm−1; n(–C–N): 1325 cm−1.
1H-NMR (400 MHz, DMSO-d6) d 1.54 (s, 2H, cyclopropyl CH2,

deshielding proton), 2.66 (s, 3H), 3.54–3.51 (m, 4H, –C(CH2)),
4.78 (brs, 2H, OH), 6.88–6.87 (d, 1H, J = 3.6 Hz, Ar–H), 7.80 (brs,
1H), 7.95–7.94 (d, 1H, J= 3.6 Hz, Ar–H), 8.69 (brs, 1H, Ar–H). 13C
NMR (400MHz, DMSO-d6), d 13.45 (Cyclo propyl Carbon), 21.17,
28.19, 39.70 (–C attached to hydroxyl methyl) (merged in DMSO
moisture), 62.58 (–C(CH2)2), 101.32 (–C7, pyrrole ring),111.30,
115.16, 117.41, 124.47 (–C]C), and 148.62, 151.32, 159.23 (Ar–
C). MS (ESI): m/z = 246.5 (M + H)+.

3.2.2. (2-((5-Iodo-4-methyl-7H-pyrrolo[2,3-d] pyrimidin-7-
yl)methylene)cyclopropane-1,1-diyl) dimethanol (8b):
compound 8b was obtained from (2-bromo-2-(bromomethyl)
cyclopropane-1,1-diyl) bis(methylene) diacetate followed by
deacetylation. Z-Isomer is a pale brown solid and E-Isomer is
a brown solid. 8b (Z-Isomer): Yield: 140 mg (40%). FT-IR (KBr):
n(–O–H): 3324 cm−1; n(–C–O): 1025 cm−1; n(–C–C for aromatic ring):

1555 cm−1; n(–C–N): 1335 cm−1, n(–C–I): 567 cm−1. 1H-NMR (400
MHz, DMSO-d6) d 1.58 (s, 2H, cyclopropyl CH2), 2.90 (s, 3H),
3.54–3.51 (q, J = 11.2 Hz, 4H, –C(CH2)), 4.75 (brs, 2H, OH), 7.75
(s, 1H), 8.11 (s, 1H, Ar–H), 8.71 (s, 1H, Ar–H). 13C NMR (400
MHz, DMSO-d6), d 13.53, 20.50, 28.23, 39.91 (–C attached to
hydroxyl methyl) (merged in DMSO moisture), 55.65 (halo
substituted carbon, pyrrole ring), 62.50 (–C(CH2)2), 110.60,
116.31, 117.47, 129.41(–C]C), and 148.18, 151.38, 159.77 (Ar–
C). MS (ESI): m/z = 372.4 (M + H)+.
© 2024 The Author(s). Published by the Royal Society of Chemistry
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8b (E-Isomer): Yield: 130 mg (35%). 1H-NMR (400 MHz,
DMSO-d6) d 1.32 (s, 2H, cyclopropyl CH2), 2.88 (s, 3H), 3.53–3.50
(d, J = 12.0 Hz, 2H, (CH2)), 3.68–3.66 (d, J = 8.0 Hz, 2H, (CH2)),
5.09 (brs, 2H, OH), 7.63 (brs, 1H), 8.67 (s, 1H, Ar–H), 8.70 (s, 1H,
Ar–H). 13C NMR (400 MHz, DMSO-d6), d 10.78, 20.44, 30.49,
39.91 (–C attached to hydroxyl methyl) (merged in DMSO
moisture), 55.29 (halo substituted carbon, pyrrole ring), 62.22 (–
C(CH2)2), 110.05, 115.64, 117.51, 130.79 (–C]C), and 148.02,
151.31, 159.58 (Ar–C). MS (ESI): m/z = 372.4 (M + H)+.

3.2.3. (2-((5-Bromo-4-methyl-7H-pyrrolo[2,3-d] pyrimidin-
7-yl) methylene) cyclopropane-1,1-diyl) dimethanol (8c):
compound 8c was obtained from (2-bromo-2-(bromomethyl)
cyclopropane-1,1-diyl) bis(methylene) diacetate fallowed by
deacetylation. Z-Isomer is a pale yellow solid and E-Isomer is
a pale-yellow solid. 8c (Z-Isomer): Yield: 130 mg (36%). FT-IR
(KBr): n(–O–H): 3322 cm−1; n(–C–O):1026 cm−1; n(–C–C for aromatic

ring): 1556 cm−1; n(–C–N): 1342 cm−1, n(–C–Br): 604 cm−1. 1H-NMR
(400 MHz, DMSO-d6) d 1.58 (s, 2H, cyclopropyl CH2), 2.86 (s,
3H), 3.54–3.43 (m, 4H, –C(CH2)), 4.78–4.76 (t, J = 8.0 Hz,2H,
OH), 7.78 (s, 1H), 8.12 (s, 1H, Ar–H), 8.74 (s, 1H, Ar–H). 13C NMR
(400 MHz, DMSO-d6), d 13.58, 20.95, 28.31, 39.91 (-C attached to
hydroxyl methyl) (merged in DMSOmoisture), 62.52 (–C(CH2)2),
89.63 (halo substituted carbon, pyrrole ring), 110.63, 115.14,
116.53, 124.41 (–C]C), and 147.71, 151.89, 159.59 (Ar–C). MS
(ESI): m/z = 324.5 (M + H)+.

8c (Z-Isomer): Yield: 130 mg (36%). FT-IR (KBr): n(–O–H):

3098 cm−1; n(–C–O):1032 cm−1; n(–C–C for aromatic ring): 1562 cm−1;
n(–C–N): 1342 cm

−1, n(–C–Br): 604 cm
−1. 1H-NMR (400MHz, DMSO-

d6) d 1.33 (s, 2H, cyclopropyl CH2), 2.85 (s, 3H), 3.53–3.49 (m,
2H, (CH2)), 3.70–3.66 (m, 2H, (CH2)), 5.09 (brs, 2H, OH), 7.67
(brs, 1H), 8.65 (s, 1H, Ar–H), 8.73 (s, 1H, Ar–H). MS (ESI): m/z =
324.5 (M + H)+.

3.2.4. (2-((4-methoxy-7H-pyrrolo[2,3-d] pyrimidin-7-yl)
methylene) cyclopropane-1,1-diyl) dimethanol (8d): compound
8d was obtained from (2-bromo-2-(bromomethyl) cyclopropane-
1,1-diyl) bis(methylene) diacetate fallowed by deacetylation. Z-
Isomer is a pale brown solid and E-Isomer is a brown solid. 8d
(Z-Isomer): Yield: 120 mg (41%). 1H-NMR (400 MHz, DMSO-d6)
d 1.28 (s, 2H, cyclopropyl CH2), 3.57–3.54 (d, J = 12 Hz, 2H),
3.67–3.66 (d, J = 12 Hz, 2H, –C(CH2)), 4.04 (s, 3H), 5.04 (brs, 2H,
OH), 6.67–6.66 (d, J = 4.0 Hz, 1H), 7.66 (s, 1H), 8.27–8.26 (d, J =
4.0 Hz, 1H, Ar–H), 8.47 (s, 1H, Ar–H). 13C NMR (400 MHz,
DMSO-d6), d 10.60, 30.49, 39.92 (–C attached to hydroxyl methyl)
(merged in DMSO moisture), 53.55, 62.30 (–C(CH2)2), 99.70,
104.75, 112.00, 114.75, 123.82 (–C]C), and 150.17, 151.06,
162.30 (Ar–C). MS (ESI): m/z = 262.5 (M + H)+.

8d (E-Isomer): Yield: 105 mg (36%). FT-IR (KBr): n(–O–H):

3327 cm−1; n(–C–O):1010 cm−1; n(–C–C for aromatic ring): 1562 cm−1;
n(–C–N): 1310 cm−1. 1H-NMR (400 MHz, DMSO-d6) d 1.53 (s, 2H,
cyclopropyl CH2), 3.54–3.46 (m, 4H, (CH2)), 4.06 (s, 3H), 4.74
(brs, 2H, OH), 6.70–6.69 (d, J = 4.0 Hz, 1H), 7.79 (s, 1H), 7.83–
7.82 (d, J= 4.0 Hz, 1H, Ar–H), 8.49 (s, 1H, Ar–H). MS (ESI):m/z=
262.5 (M + H)+. 13C NMR (400 MHz, DMSO-d6), d 13.41, 28.17,
39.92 (–C attached to hydroxyl methyl) (merged in DMSO
moisture), 53.58, 62.58 (–C(CH2)2), 99.88, 104.66, 111.61,
115.23, 122.83 (–C]C), and 150.31, 151.14, 162.33 (Ar–C). MS
(ESI): m/z = 262.5 (M + H)+.
© 2024 The Author(s). Published by the Royal Society of Chemistry
3.2.5. (2-((5-iodo-4-methoxy-7H-pyrrolo[2,3-d] pyrimidin-7-
yl) methylene) cyclopropane-1,1-diyl) dimethanol (8e):
compound 8e was obtained from (2-bromo-2-(bromomethyl)
cyclopropane-1,1-diyl) bis(methylene) diacetate fallowed by
deacetylation. Z-Isomer is a white solid and E-Isomer is an off-
white solid. 8e (Z-Isomer): Yield: 150 mg (35%). 1H-NMR (400
MHz, DMSO-d6) d 1.26 (s, 2H, cyclopropyl CH2), 4.06 (s, 3H),
3.54–3.51 (q, J = 11.2 Hz, 4H, –C(CH2)), 4.75 (brs, 2H, OH), 7.75
(s, 1H), 8.11 (s, 1H, Ar–H), 8.71 (s, 1H, Ar–H). 13C NMR (400
MHz, DMSO-d6), d 13.53, 30.49, 39.91 (–C attached to hydroxyl
methyl) (merged in DMSO moisture), 55.65 (halo substituted
carbon, pyrrole ring), 53.58, 62.50 (–C(CH2)2), 110.60, 116.31,
117.47, 129.41 (–C]C), and 148.18, 151.38, 159.77 (Ar–C). MS
(ESI): m/z = 388.0 (M + H)+.

8e (E-Isomer): Yield: 150 mg (35%). FT-IR (KBr): n(–O–H):

3327 cm−1; n(–C–O):1010 cm−1; n(–C–C for aromatic ring): 1562 cm−1;
n(–C–N): 1310 cm−1, n(–C–I): 567 cm−1. 1H-NMR (400 MHz, DMSO-
d6) d 1.53 (s, 2H, cyclopropyl CH2), 3.54–3.46 (m, 4H, (CH2)), 4.06
(s, 3H), 4.74 (brs, 2H, OH), 6.70–6.69 (d, J = 4.0 Hz, 1H), 7.79 (s,
1H), 7.83–7.82 (d, J = 4.0 Hz, 1H, Ar–H), 8.49 (s, 1H, Ar–H). MS
(ESI): m/z = 262.5 (M + H)+. 13C NMR (400 MHz, DMSO-d6),
d 13.41, 28.17, 39.92 (–C attached to hydroxyl methyl) (merged
in DMSO moisture), 55.62 (halo substituted carbon, pyrrole
ring), 53.58, 62.58 (–C(CH2)2), 99.88, 104.66, 111.61, 115.23,
122.83 (–C]C), and 150.31, 151.14, 162.33 (Ar–C). MS (ESI):
m/z = 388.0 (M + H)+.

3.2.6. (2-((5-bromo-4-cyclopropyl-7H-pyrrolo[2,3-d]
pyrimidin-7-yl) methylene) cyclopropane-1,1-diyl) dimethanol
(8f): compound 8f was obtained from (2-bromo-2-
(bromomethyl) cyclopropane-1,1-diyl) bis(methylene) diacetate
followed by deacetylation. Z-Isomer is an off-white solid and E-
Isomer is an off-white solid. 8f (E-Isomer): Yield: 180 mg (46%).
1H-NMR (400 MHz, DMSO-d6) d 1.25–1.18 (m, 4H), 1.59–1.58 (d,
J = 4.0 Hz, 2H, cyclopropyl CH2), 3.12–3.06 (m, 1H), 3.54–3.44
(m, 4H, –C(CH2)), 4.76–4.75 (t, J = 4.0 Hz, 2H, OH), 7.77 (s, 1H),
8.12 (s, 1H, Ar–H), 8.68 (s, 1H, Ar–H). 13C NMR (400 MHz,
DMSO-d6), d 13.54, 28.25, 39.91 (–C attached to hydroxyl methyl)
(merged in DMSO moisture), 62.48 (–C(CH2)2), 79.17, 89.14,
110.60, 114.48, 116.37, 124.42 (–C]C), and 147.48, 152.14,
164.37 (Ar–C). MS (ESI): m/z = 350.5 (M + H)+.

8f (Z-Isomer): Yield: 170 mg (43%). FT-IR (KBr): n(–O–H):

3273 cm−1; n(–C–O): 984 cm−1; n(–O–C): 1039 cm−1; n(–C–C for aromatic

ring): 1556 cm−1; n(–C–N): 1338 cm−1, n(–C–Br): 597 cm−1. 1H-NMR
(400 MHz, DMSO-d6) d 1.26–1.17 (m, 4H, Cyclo propyl CH2),
1.32 (s, 2H, cyclopropyl CH2), 3.09–3.05 (m, 1H, cyclopropyl
CH), 3.54–3.49 (m, 2H (CH2)), 3.70–3.66 (m, 2H, (CH2)), 5.09–
5.07 (t, J = 8.0 Hz, 2H), 7.66 (brs, 1H), 8.64 (s, 1H, Ar–H), 8.67 (s,
1H, Ar–H). MS (ESI): m/z = 262.5 (M + H)+. 13C NMR (400 MHz,
DMSO-d6), d 12.19, 30.48, 39.92 (–C attached to hydroxyl methyl)
(merged in DMSO moisture), 62.23 (–C(CH2)2), 88.85, 111.07,
114.53, 115.63, 125.45 (–C]C), and 147.30, 152.05, 164.15 (Ar–
C). MS (ESI): m/z = 350.5 (M + H)+.

3.2.7. (2-((4-amino-7H-pyrrolo[2,3-d] pyrimidin-7-yl)
methylene)cyclopropane-1,1-diyl)dimethanol (8g): compound
8g was obtained from (2-bromo-2-(bromomethyl)cyclopropane-
1,1-diyl)bis(methylene)diacetate followed by deacetylation. Z-
RSC Adv., 2024, 14, 9559–9569 | 9565

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4ra00304g


RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

1 
M

ar
ch

 2
02

4.
 D

ow
nl

oa
de

d 
on

 1
/2

3/
20

26
 2

:3
5:

12
 P

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
Isomer is a brown solid and E-Isomer is a pale brown solid. 8g
(Z-Isomer): Yield: 160 mg (58%). 1H-NMR (400 MHz, DMSO-d6)
d 1.38 (s, 2H, cyclopropyl CH2), 3.12–3.06 (m, 1H), 3.52–3.45 (m,
2H, –C(CH2)), 3.66–3.6 (m, 2H, –C(CH2)), 5.03–5.02 (t, J= 4.0 Hz,
2H, OH), 6.72 (br, 2H, amine proton), 7.52 (s, 1H), 8.14 (s, 1H,
Ar–H), 8.29 (s, 1H, Ar–H). 13C NMR (400 MHz, DMSO-d6),
d 10.70, 30.40, 39.91 (–C attached to hydroxyl methyl) (merged in
DMSO moisture), 62.30 (–C(CH2)2), 98.23 (C7 carbon), 102.87,
111.54, 114.48, 126.23 (–C]C), and 148.49, 152.42, 157.21 (Ar–
C). MS (ESI): m/z = 247.1 (M + H)+.

8g (E-Isomer): Yield: 145 mg (52%). FT-IR (KBr): n(–O–H):

3273 cm−1; n(–C–O): 984 cm−1; n(–O–C): 1039 cm−1; n(–C–C for aromatic

ring): 1556 cm−1; n(–C–N): 1338 cm−1, n(–C–Br): 597 cm−1. 1H-NMR
(400 MHz, DMSO-d6) d 1.52 (s, 2H, cyclopropyl CH2), 3.50–3.43
(m, 4H (CH2)2), 4.71 (s, 2H), 6.76 (brs, 2H), 7.64 (brs, 1H), 7.77 (s,
1H, Ar–H), 8.15 (s, 1H, Ar–H). 13C NMR (400 MHz, DMSO-d6),
d 13.45, 28.07, 39.92 (–C attached to hydroxyl methyl) (merged in
DMSO moisture), 62.56 (–C(CH2)2), 98.23 (C7 carbon), 102.86,
111.04, 115.00, 125.78 (–C]C), and 148.65, 152.48, 157.26 (Ar–
C). MS (ESI): m/z = 247.1 (M + H)+.

3.2.8. (2-((4-amino-5-iodo-7H-pyrrolo[2,3-d] pyrimidin-7-yl)
methylene)cyclopropane-1,1-diyl)dimethanol (8h): compound
8h was obtained from (2-bromo-2-(bromomethyl)cyclopropane-
1,1-diyl)bis(methylene)diacetate followed by deacetylation. Z-
Isomer is a pale yellow solid and E-Isomer is a yellow solid. 8h
(Z-Isomer): Yield: 180 mg (43%). FT-IR (KBr): n(–O–H): 3232 cm−1;
n(–N–H bending): 1633 cm−1; n(–C]C, aromatic): 1565 cm−1; n(–C–O):
984 cm−1; n(–O–C): 1021 cm−1; n(–C–N): 1270 cm−1, n(–C–I):
647 cm−1. 1H-NMR (400 MHz, DMSO-d6) d 1.43 (s, 2H, cyclo-
propyl CH2), 3.49–3.47 (d, J = 2H, –C(CH2)), 3.68–3.65 (d, J = 12
HZ, 2H, –C(CH2)), 4.70 (s 2H, OH), 6.72 (br, 1H, amine proton),
7.51 (s, 1H), 8.01 (br, 1H, Ar–H), 8.26 (s, 1H, Ar–H). 13C NMR
(400 MHz, DMSO-d6), d 10.66, 30.46, 39.91 (–C attached to
hydroxyl methyl) (merged in DMSOmoisture), 62.48 (–C(CH2)2),
92.27 (C7 carbon), 103.36, 112.20, 117.34 (–C]C), and 151.85,
156.77, 157.81 (Ar–C). MS (ESI): m/z = 374.5 (M + H)+.

8h (E-Isomer): Yield: 160 mg (38%). 1H-NMR (400 MHz,
DMSO-d6) d 1.51 (s, 2H, cyclopropyl CH2), 3.50–3.44 (m, 4H
(CH2)2), 4.70 (s, 2H), 7.65–7.64 (t, J = 4 Hz, 1H, Ar–H), 8.25 (s, 1H,
Ar–H). 13C NMR (400 MHz, DMSO-d6), d 14.56, 28.34, 39.92 (–C
attached to hydroxyl methyl) (merged in DMSO moisture), 62.61
(–C(CH2)2), 92.44 (C7 carbon), 103.19, 111.90, 117.58 (–C]C),
and 152.46, 156.43, 157.66 (Ar–C). MS (ESI):m/z= 374.5 (M + H)+.

3.2.9. (2-((4-amino-1H-pyrazolo[3,4-d] pyrimidin-1-yl)
methylene) cyclopropane-1,1-diyl) dimethanol (10a):
compound 10a was obtained from (2-bromo-2-(bromomethyl)
cyclopropane-1,1-diyl) bis(methylene) diacetate fallowed by
deacetylation. Z-Isomer is a yellow solid and E-Isomer is
a yellow solid. 10a (E-Isomer): Yield: 150 mg (54%). 1H-NMR
(400 MHz, DMSO-d6) d 1.49 (s, 2H, cyclopropyl CH2), 3.51–3.45
(m, 4H, –C(CH2)), 4.72 (s, 2H, OH), 7.70 (s, 1H), 7.93 (br, 1H, Ar–
H), 8.22 (s, 1H, Ar–H).13C NMR (400 MHz, DMSO-d6), d 11.06,
30.56, 39.92 (–C attached to hydroxyl methyl) (merged in DMSO
moisture), 62.66 (–C(CH2)2), 100.21, 112.69, 116.50 (C7 carbon),
134.14 (–C]C), and 151.88, 156.88, 158.24 (Ar–C). MS (ESI): m/z
= 248.5 (M + H)+.
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10a (Z-Isomer): Yield: 145 mg (52%). FT-IR (KBr): n(–O–H):

3183 cm−1; n(–C–H): 2865 cm−1; n(–N–H bending): 1665 cm−1; n(–C]C,

aromatic): 1565 cm−1; n(–C–O): 984 cm−1; n(–C–O): 1032 cm−1; n(–C–N):
1291 cm−1. 1H-NMR (400 MHz, DMSO-d6) d 1.40 (s, 2H, cyclo-
propyl CH2), 3.52–3.48 (m, 2H (CH2)2), 3.65–3.61 (m, 2H (CH2)2),
4.87 (s, 2H), 7.58 (s, 1H, Ar–H), 8.03 (br, 1H), 8.24 (s, 2H, Ar–H).
13C NMR (400 MHz, DMSO-d6), d 11.06, 30.56, 39.92 (–C
attached to hydroxyl methyl) (merged in DMSOmoisture), 62.66
(–C(CH2)2), 100.21, 112.69, 116.50 (C7 carbon), 134.14 (–C]C),
and 151.88, 156.88, 158.24 (Ar–C). MS (ESI): m/z = 248.5 (M +
H)+.

3.2.10. (2-((4-amino-3-iodo-1H-pyrazolo[3,4-d]pyrimidin-1-
yl)methylene)cyclopropane-1,1-diyl)dimethanol (10b):
compound 10b was obtained from (2-bromo-2-(bromomethyl)
cyclopropane-1,1-diyl) bis(methylene) diacetate followed by
deacetylation. Z-Isomer is an off-white solid and E-Isomer is an
off-white solid. 10b (Z-Isomer): Yield: 180 mg (43%). 1H-NMR
(400 MHz, DMSO-d6) d 1.42 (s, 2H, cyclopropyl CH2), 3.50–3.47
(d, J = 12.0 Hz, 2H, –C(CH2)), 3.68–3.66 (d, J = 8.0 Hz, 2H, –
C(CH2)), 4.70 (s, 2H, OH), 6.80 (br, 1H, Ar–H), 7.51 (s, 1H), 8.26
(s, 1H, Ar–H).13C NMR (400 MHz, DMSO-d6), d 10.66, 30.46,
39.92 (–C attached to hydroxyl methyl) (merged in DMSO
moisture), 62.48 (–C(CH2)2), 92.75 (C7 carbon), 103.36, 112.20,
117.34 (–C]C), and 151.85, 156.77, 157.81 (Ar–C). FT-IR (KBr):
n(–O–H): 3232 cm−1; n(–C–H): 2871 cm−1; n(–N–H bending): 1633 cm−1;
n(–C]C, aromatic): 1564 cm−1; n(–C–O): 1021 cm−1; n(–C–N):
1270 cm−1; n(–C–I): 647 cm−1. MS (ESI): m/z = 374.5 (M + H)+.

10b (E-Isomer): Yield: 190 mg (45%). 1H-NMR (400 MHz,
DMSO-d6) d 1.51 (s, 2H, cyclopropyl CH2), 3.52–3.44 (m, 4H
(CH2)2), 4.70 (s, 2H), 7.65–7.64 (t, J = 4.0 Hz, 1H, Ar–H), 8.25 (s,
2H, Ar–H). 13C NMR (400 MHz, DMSO-d6), d 14.56, 28.34, 39.92
(–C attached to hydroxyl methyl) (merged in DMSO moisture),
62.61 (–C(CH2)2), 92.44 (C7 carbon), 103.19, 111.90, 117.58 (–
C]C), and 152.46, 156.43, 157.66 (Ar–C). MS (ESI): m/z = 374.5
(M + H)+.

3.2.11. (2-((4-amino-3-(4-phenoxyphenyl)-1H-pyrazolo[3,4-
d] pyrimidin-1-yl) methylene) cyclopropane-1,1-diyl) dimetha-
nol (10c): compound 10c was obtained from (2-bromo-2-
(bromomethyl) cyclopropane-1,1-diyl) bis(methylene) diacetate
followed by deacetylation. Z-Isomer is an off-white solid and E-
Isomer is an off-white solid. 10c (Z-Isomer): Yield: 200 mg
(43%). 1H-NMR (400 MHz, DMSO-d6) d 1.44 (s, 2H, cyclopropyl
CH2), 3.54–3.52 (d, J = 8.0 Hz, 2H, –C(CH2)), 3.69–3.66 (d, J =
12.0 Hz, 2H, –C(CH2)), 4.88 (s, 2H, OH), 7.23–7.14 (m, 15H, Ar–
H), 7.48–7.43 (m, 2H), 7.71–7.69 (t, J = 8.0 Hz, 3H), 8.32 (s, 1H,
Ar–H). 13C NMR (400 MHz, DMSO-d6), d 11.03, 30.04, 39.92 (–C
attached to hydroxyl methyl) (merged in DMSOmoisture), 62.70
(–C(CH2)2), 79.17, 92.13, 112.27, 116.58, 118.92, 124.01, 126.74,
130.00 (–C]C), and 145.14 (C7 carbon), 152.99, 155.98, 156.65,
157.72, 158.33 (Ar–C). FT-IR (KBr): n(–C–O–C): 1243 cm−1; n(–O–H):

3060 cm−1; n(–C–H): 2039 cm−1; n(–N–H bending): 1649 cm−1; n(–C]C,

aromatic): 1565 cm−1; n(–C–OH): 1039 cm−1; n(–C–N): 1243 cm−1. MS
(ESI): m/z = 416.7 (M + H)+.

10c (E-Isomer): Yield: 190 mg (41%). 1H-NMR (400 MHz,
DMSO-d6) d 1.52 (s, 2H, cyclopropyl CH2), 3.51–3.47 (m, 4H
(CH2)2), 4.72 (s, 2H), 7.21–7.13 (m, 5H), 7.46–7.44 (t, J = 8.0 Hz,
2H, Ar–H), 7.71–7.69 (d, J = 8.0 Hz, 2H), 7.79 (s, 1H), 8.30 (s, 2H,
© 2024 The Author(s). Published by the Royal Society of Chemistry
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Ar–H). 13C NMR (400 MHz, DMSO-d6), d 14.68, 28.31, 39.92 (–C
attached to hydroxyl methyl) (merged in DMSOmoisture), 62.74
(–C(CH2)2), 97.53, 112.20, 117.03, 119.03, 123.84, 127.51, 130.13
(–C]C), and 144.85 (C7 carbon), 153.56, 156.17, 156.24, 157.38,
158.11 (Ar–C). MS (ESI): m/z = 416.7 (M + H)+.
3.3 a-Glucosidase inhibitory assay

The a-glucosidase inhibitory activity was assessed using the
method described by Pistia Brueggeman and Hollingsworth,
2001,47 with minor adjustments. Plant extracts, in volumes of 50
mL, were incubated with different concentrations ranging from
12.5 to 400 mg mL−1. The incubation was carried out with 10 mL
of a-glucosidase (maltase) enzyme solution (1 U mL−1) for 20
minutes at a temperature of 37 °C. Additionally, 125 mL of 0.1 M
phosphate buffer (pH 6.8) was added. Following 20minutes, the
reaction was initiated by adding 20 mL of 1 M pNPG (substrate),
and the resulting mixture was allowed to incubate for 30
minutes. The reaction was halted by introducing 0.1 N of
Na2CO3 (50 mL), and the ultimate absorbance was quantied at
405 nm. Acarbose was employed as a positive control, with
doses ranging from 12.5 to 400 mg mL−1. Enzyme activity was
calculated as:

(ODblank − ODsample)/ODblank × 100

A single unit of the enzyme can be precisely dened as the
quantity of a-glucosidase enzyme necessary to produce one
micromole of the product (p-nitrophenol) from the substrate (p-
nitrophenyl-a-D-glucopyranoside) within one minute. The IC50,
which is the concentration needed to inhibit 50% of the enzyme
activity, was determined by tting a regression equation to
a plot of concentration (ranging from 12.5–400 mg mL−1) on the
x-axis and % inhibition on the y-axis for various extracts and
fractions.48
3.4 Antimicrobial activity

The agar well diffusion method was employed to determine the
antibacterial activity.49,50 The antibacterial efficacy of the synthe-
sized compounds was assessed against four bacterial strains that
included two Gram-positive bacteria, Staphylococcus epidermis
(MTCC 2044), Bacillus cereus (MTCC2128) (Gram-positive) and
two Gram-negative bacteria, Escherichia coli (MTCC2412), Klebsi-
ella pneumonia (MTCC 2451). Different test compounds were
introduced to wells perforated on an agar surface, with each well
containing a concentration of 1 mg mL−1. The bacterial strains
were cultured in sterilized Mueller Hinton Broth (MHB) and
incubated for 18 hours at 37 °C. The radius of the inhibition zone
(RIZ) surrounding each well was measured in millimetres to
assess the antibacterial activity. The experiments were conducted
in duplicate. Aspergillus niger was utilized to assess the antifungal
activity of the compounds. The fungal cultures were plated using
the selective media known as Potato Dextrose Agar. The plates
were subjected to incubation at a temperature of 37 °C for
a duration ranging from 72 to 96 hours. Following this, the plates
were checked for the zone of inhibition.
© 2024 The Author(s). Published by the Royal Society of Chemistry
3.5 Swiss ADME

3.5.1. Evaluation of physico-chemical properties. The
process of generating SMILES representations for all the
designed compounds has been successfully concluded. The
SMILES representations of the compounds were entered into
SwissADME, an online tool freely available on the web (http://
www.swissadme.ch/index.php),34,51 along with their respective
molecular codes. Aer the submission process is nished, the
programme includes a “run” button feature that aids in the
computation of the parameters. The gathered results were
obtained in both PDF and CSV formats and subsequently
underwent data analysis.

3.5.2. Molecular docking. The utilization of molecular
docking facilitates the prediction of the optimal orientation of
binding to the target protein, particularly when the ligand,
which serves as the target, forms a stable complex with other
possible ligands. Docking is a valuable technique for examining
the molecular-level interaction between a protein and a ligand.

3.5.3. UCSF Chimera. UCSF Chimaera is commonly
employed by structural biologists, biomedical researchers, and
other professionals in the domains of bioinformatics and drug
discovery to enhance their understanding of molecular struc-
ture and function. Chimaera is a versatile soware application
that facilitates the interactive visualization and analysis of
molecular structures. It enables users to gain a deeper under-
standing of associated data, such as sequence alignments,
density maps, supra-molecular assemblies, trajectories, dock-
ing results, and information about conformational
ensembles.52

3.5.4. AutoDock Vina. The automated nature of the
molecular docking programmed AutoDock Vina is evident.
Enhancement of the ligand's ability to interact with the three-
dimensional conformation of the target protein is seen. Auto-
Dock Vina is widely recognized as a prominent bio-informatics
soware tool utilized for computational docking purposes.
AutoDock Vina is widely employed for a diverse range of dock-
ing methodologies, encompassing site-specic docking, blind
docking, and protein-ligand docking, among others. AutoDock
Vina, also known as AutoDock Tools, provides support for
structural alterations to both proteins and ligands, in addition
to its docking capabilities. By employing this methodology, it
becomes possible to evaluate molecular libraries of varying
sizes. The provided information encompasses the values of root
mean square deviation (RMSD), binding energy, and the
number of hydrogen bonds (H-bonds) at position 44. A grid box
for ITK with the dimensions X: 21, Y:−7.4, Z: 24.2 Å and the size
of the grid box-21 × 21 × 21, was identied as the protein target
docking site and the best molecular interacting compounds
were observed.53
4 Conclusion

Individuals with diabetes are susceptible to numerous extra
diseases due to a compromised immune system. Carbocyclic
nucleosides possessing antibacterial and anti-inammatory
characteristics may offer signicant advantages in the
RSC Adv., 2024, 14, 9559–9569 | 9567
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prevention of recurring infections and the facilitation of wound
healing in patients with diabetes. Our research aimed to eval-
uate the a-glucosidase inhibitory activity of synthetic
substances and their viability as therapeutic agents for the
treatment of diabetes. Staphylococcus (a Gram-positive bacteria)
and Klebsiella (a Gram-negative bacteria) were used as test
organisms for antimicrobial activity, and the results showed
that none of the chemicals examined showed any antimicrobial
action. Compound 10b (Z-Isomer) was shown to inhibit the
growth of the Gram-positive bacterium Bacillus cereus. At 100 ml,
the compound showed a peak inhibitory effect of 2.2 ± 0.25
mm. Inhibitory concentrations of 10a (Z-Isomer) against the
Gram-negative bacteria Escherichia coli were determined to be
75 ml (0.9 ± 0.05 mm) and 100 ml (1.2 ± 0.15 mm), respectively.
There was no evidence of anti-fungal efficacy. Although the
antibacterial properties of carbocyclic nucleosides show
potential, additional investigation is required to clarify their
modes of operation and assess their effectiveness and safety in
diabetic individuals. The IC50 values of 8b (E-Isomer) and 10a
(E-Isomer) were 43.292 nmol and 48.638 nmol, respectively,
indicating that these two compounds are promising. Docking
energies of 10.3 kcal mol−1 for compound 10a (E-Isomer) and
−9.4 kcal mol−1 for compound 8b (E-Isomer) stood out among
the produced compounds. Additional investigation is required
to comprehensively comprehend the processes by which
carbocyclic nucleosides function, the range of their effective-
ness, and their clinical usefulness in the treatment of diabetes.
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