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Abstract: Diabetes mellitus (DM) is a chronic and progressive metabolic disorder affecting over 422 million
people globally. It arises from insufficient insulin production or the inability of cells to respond to insulin, leading
to disruptions in carbohydrate, fat, and protein metabolism. Over time, DM can result in severe complications such
as cardiovascular diseases, kidney failure, and vision loss. Effective management of DM includes therapeutic
strategies aimed at stabilizing blood glucose levels. Among these, a-glucosidase enzyme inhibitors play a crucial
role by slowing carbohydrate digestion and reducing postprandial blood glucose spikes. In this study, new
hydrazide derivatives linked to non-steroidal anti-inflammatory drugs (NSAIDs) were synthesized and evaluated
as potential a-glucosidase enzyme inhibitors. Structural characterization of these derivatives was performed using
techniques such as '"H-NMR, FTIR, and mass spectrometry (MS). All of these compounds were tested in vitro for
their o-glucosidase enzyme inhibition activity. Among the synthesized derivatives, ethyl 2-{3-[3-
(trifluoromethyl)anilino]lbenzoyl}hydrazine-1-carboxylate (compound 3d), an etofenamate derivative, revealed
the highest inhibitory potential with ICso values of 188.30+0.1 pg mL™ when compared with standard acarbose
having 1Cso value 190.70+2.05 pug mL™. These findings highlight the potential of NSAID-linked hydrazide
derivatives as promising candidates for the development of novel DM therapies.
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Yeni Hidrazid Tiirevlerinin Sentezi, Yap1 Aydinlatma ve o-Glukozidaz inhibitor Etki
Calismalar:

Oz: Diabetes mellitus (DM), diinya capinda 422 milyondan fazla insani etkileyen kronik ve ilerleyici bir metabolik
hastaliktir. Yetersiz insiilin tiretimi veya hiicrelerin instiline yanit verememesi sonucu ortaya ¢ikar ve karbonhidrat,
yag ve protein metabolizmasinda bozulmalara yol agar. Zamanla DM, kardiyovaskiiler hastaliklar, bobrek
yetmezligi ve gorme kaybi gibi ciddi komplikasyonlara neden olabilir. DM'nin etkili yonetimi, kan sekeri
seviyelerini stabilize etmeyi amaglayan terapotik stratejileri igerir. Bunlar arasinda, a-glukozidaz enzim
inhibitorleri, karbonhidrat sindirimini yavagslatarak ve yemek sonrasi kan sekeri yiikselmelerinin azaltilmasinda
onemli bir rol oynar. Bu caligmada, steroid olmayan anti-inflamatuar ilaglarla (NSAII) baglantili yeni hidrazid
tiirevleri sentezlenmis ve potansiyel a-glukozidaz enzim inhibitdrleri olarak degerlendirilmistir. Bu tiirevlerin
yapisal karakterizasyonu, 'H-NMR, FTIR ve kiitle spektrometrisi (MS) gibi teknikler kullanilarak
gerceklestirilmistir. Bu bilesiklerin tiimii, a-glukozidaz enzim inhibisyon aktiviteleri agisindan in vitro yontemle
test  edilmistir. Sentezlenen  tlirevler  arasinda  etofenamat  tiirevi  olan  etil = 2-{3-[3-
(triflorometil)anilino]benzoil}hidrazin-1-karboksilat (bilesik 3d), 190.70+2.05 pg mL? ICs degerine sahip
standart akarbozla karsilastirildiginda 188.30+0.1 ug mL 1Cs degeriyle en yiiksek inhibisyon gosteren bilesik
oldugu sonucuna varilmistir. Bu bulgular, NSAIl baglantili hidrazid tiirevlerinin yeni DM tedavilerinin
gelistirilmesi i¢in umut verici adaylar olabilecegini gostermektedir.

Anahtar Kelimeler: Diabetes Mellitus, Glukosidaz, Hidrazid, Karboksilat, NSAIl

Received: 04.01.2025
Accepted: 13.04.2025

How to cite: Senkardes, S., & Bas, Z. H. (2025). Synthesis, structural elucidation and a-Glucosidase inhibitory activity of new
hydrazide derivatives. Yuzuncu Yil University Journal of the Institute of Natural and Applied Sciences, 30(1), 69-77.
https://doi.org/10.53433/yyufbed.1613136

69


https://doi.org/10.53433/yyufbed.1613136
https://doi.org/10.53433/yyufbed.1613136
https://dergipark.org.tr/en/pub/yyufbed
mailto:sevil.aydin@marmara.edu.tr
https://orcid.org/0000-0002-0523-459X
https://orcid.org/0009-0004-6341-5235

YYU JINAS 30(1): 69-77
Senkardes and Bas / Synthesis, Structural Elucidation and a-Glucosidase Inhibitory Activity of New Hydrazide Derivatives

1. Introduction

Diabetes mellitus (DM) is a chronic metabolic disorder marked by elevated blood glucose levels,
leading to various complications such as cardiovascular diseases, chronic inflammation, and increased
risk of infections (Tripathi & Srivastava, 2006; Fowler, 2008; Antar et al., 2023). The World Health
Organization reports that approximately 422 million people are affected by diabetes globally, with Type
2 Diabetes Mellitus (T2DM) accounting for over 90% of cases. The incidence of T2DM is expected to
rise, with more than 590 million individuals projected to be affected by 2035 (Zheng et al., 2018).

T2DM is characterized by insulin resistance and inadequate insulin secretion by pancreatic 3-
cells. Effective management focuses on controlling hyperglycemia to prevent chronic complications.
Current treatments include oral hypoglycemic agents, such as sulfonylureas, thiazolidinediones,
metformin, and a-glucosidase inhibitors. The a-glucosidase enzyme plays a crucial role in carbohydrate
digestion by breaking down disaccharides and oligosaccharides into glucose (Dirir et al., 2022).
Inhibitors of a-glucosidase delay carbohydrate digestion and absorption, helping to stabilize blood
glucose levels and prevent postprandial hyperglycemia.

Three a-glucosidase inhibitors -acarbose, voglibose, and miglitol- manage T2DM by reducing
glucose formation in the intestine (Figure 1). However, these drugs are often associated with side effects
such as flatulence, diarrhea, and abdominal discomfort (Scott & Spencer, 2000; Dabhi et al., 2013; Gao
et al., 2018). As a result, there is a continuing need to develop new and more effective a-glucosidase
inhibitors to improve treatment outcomes and reduce adverse effects.

Acarbose
OH OH
OH HO :
\@/\OH
OH N
‘NH HO " oH
Voglibose Miglitol

Figure 1. a-glucosidase inhibitors.

Non-steroidal anti-inflammatory drugs (NSAIDs) are a class of medications commonly used to
alleviate pain and reduce inflammation. Unlike steroids, NSAIDs work by inhibiting the activity of
enzymes known as cyclooxygenases (COX), particularly COX-1 and COX-2, which play a significant
role in prostaglandin synthesis (Rao et al., 2010). Researchers are focusing on maintaining the core
skeletal structures of NSAIDs while synthesizing various derivatives through modifications, and they
are working to demonstrate that these resultant molecules are biologically active (Aydin et al., 2014;
Senkardes et al., 2016; Kog et al., 2022).

Numerous studies have explored the a-glucosidase inhibitory activities of compounds derived
from NSAIDs (Kausar et al., 2021; Daud et al., 2024). In 2022, (S)-flurbiprofen hydrazide-hydrazone
derivatives were synthesized and their a-glucosidase inhibitory activities were evaluated. The most
potent inhibitor in this series was (E)-2-(2-fluoro-[1,1'-biphenyl]-4-y1)-N'-(1-
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phenylbutylidene)propanehydrazide, which exhibited an impressive 1Csvalue of 0.93 uM (Alam et al.,
2022). A study by Sardar et al. examined the glucosidase activities of hydrazide derivatives synthesized
from diclofenac. The results concluded that most of the synthesized compounds exhibited stronger a-
glucosidase inhibitory effects than standard acarbose (Sardar et al., 2024a). Another investigations
identified oxadiazole derivatives starting from ibuprofen and naproxen as potent a-glucosidase
inhibitors (Daud et al., 2022; Sardar et al., 2024b). These findings indicate that NSAID-derived
compounds have the potential for modulating metabolic processes such as a-glucosidase inhibition.

Herein, a series of NSAID-linked hydrazide derivatives were synthesized, and the structures of
all derivatives were confirmed using different techniques, including elemental analysis, *H-NMR, FTIR
and MS techniques. Furthermore, all derivatives were screened for their in vitro a-glucosidase inhibitory
activities.

2. Material and Methods
2.1. Chemicals and methods

All the chemicals, such as solvents and reagents were purchased from Sigma/Aldrich and
Merck, and were used as such without any purification and distillation. The IR spectra were recorded
on a Schimadzu FTIR 8400S spectrometer and the wave numbers were given in cm ™. *H-NMR spectra
were recorded on BRUKER NMR spectrometer and are reported relative to deuterated solvent signals.
Elemental analyses were determined by CHNS-932 (LECO) analyzer. Low-resolution mass spectra
(LR-MS), which can only separate and detect ions with integer masses and have a resolution of less than
2000, were obtained using the Shimadzu LC-MS/MS-8030 system Shimadzu Corporation, Kyoto,
Japan). Thin-layer chromatography (TLC) was performed on pre-coated silica gel aluminum plates
(Kieselgel 60, 254, E. Merck, Germany).

2.2. Synthetic procedure
2.2.1. Preparation of compounds 2a-d:

In this study, flurbiprofen, diflunisal, etofenamate and naproxen hydrazides (2a-d) were
prepared using literature methods (Kiigiikgiizel et al., 2003; Aboul-Fadl et al., 2011; Aydin et al., 2013;
Han et al., 2018). 0.01 mol of diflunisal, naproxen or flurbiprofen dissolved in methanol (20 mL) is
treated with concentrated sulfuric acid (1 mL) and heated under reflux for 3 hours. After esterification
is complete, the reaction mixture is treated with a 5% NaHCO:s solution and washed with water.

The resulting ester compounds (1a-c) (0.01 mol) and etofenamate (1d) are dissolved in methanol
(20 mL). Hydrazine hydrate (4.5 mL) is added, and the mixture is heated under reflux for 2-4 hours,
then cooled, and the precipitated solid is washed with water. The product is crystallized from
methanol/ethanol.

2-(6-methoxynaphthalen-2-yl)propanehydrazide (2a)

Yield 78%. mp 136-137 °C (lit. 137 °C, Hanetal., 2018)
2',4'-difluoro-4-hydroxy[1,1'-biphenyl]-3-carbohydrazide (2b)
Yield 90%. mp 199-201°C (lit 200-202 °C, Kiiciikgiizel et al., 2003)
2-(2-fluoro[1,1'-biphenyl]-4-yl)propanehydrazide (2c)

Yield 86%. mp 96-98 °C (lit. 96 °C, Aydin et al., 2013)
2-[3-(trifluoromethyl)anilino]benzohydrazide (2d)

Yield 76%. mp 134-135 °C (lit. 136-138 °C, Aboul-Fadl et al., 2011)

71



YYU JINAS 30(1): 69-77
Senkardes and Bas / Synthesis, Structural Elucidation and a-Glucosidase Inhibitory Activity of New Hydrazide Derivatives

2.2.2. General procedure for synthesis of compounds 3a-d:

A mixture of acid hydrazide (2a-d) (0.002 mol) and ethyl chloroformate (0.002 mol) in toluene
in the presence of triethylamine (TEA) was stirred and heated under refluxed for 7-10 h. After cooling
and partial evaporation of the solvent, the precipitate obtained was filtered, dried and crystallized from
ethanol (Madhavilatha et al., 2018).

Ethyl 2-[2-(6-methoxynaphthalen-2-yl)propanoyl]hydrazine-1-carboxylate (3a)

CHs o}
I§

NH
Iy e
o}
o

Yield 63 %; m.p. 158-160°C; FT-IR vmax (cm™): 3285, 3223 (N-H); 1718 (C=0 ester); 1676 (C=0
amide). *H-NMR (300 MHz), (DMSO-ds/TMS) § ppm: 1.17 (t, 3H, CH2-CHs); 1.44 (d, 3H, CH-CHy3);
3.76 (g, 1H, CH-CHj3); 3.86 (s, 3H, OCHs); 4.00 (g, 2H, CH2-CHg); 7.13-7.82 (m, 6H, Ar-H); 9.01 (s,
1H, NH); 9.89 (s, 1H, NH). Anal. Calcd for C17H20N204.1/4 C;HsOH: C, 64.11; H, 6.61; N, 8.54; Found:
C, 64.26; H, 6.28; N, 8.50. LR-MS (ESI) (m/z): calc. for (M+H)*: 317.150, found: 317.30. Calc. for (M-
H)™: 315.135, found: 315.25.

Ethyl 2-(2",4'-difluoro-4-hydroxy[1,1'-biphenyl]-3-carbonyl)hydrazine-1-carboxylate (3b)

OH

Yield 76 %; m.p. 160-162°C; FT-IR vmax (cm™): 3333 (O-H); 3173 (N-H); 1697 (C=0 ester); 1645
(C=0 amide). *H-NMR (300 MHz), (DMSO-d¢/TMS) & ppm: 1.23 (t, 3H, CH,-CHs); 3.86 (s, 3H,
OCHpg); 4.09 (q, 2H, CH»-CH3); 7.06-8.02 (m, 6H, Ar-H); 9.36 (s, 1H, NH); 10.49 (s, 1H, NH); 12.02
(s, 1H, OH). Anal. Calcd for C16H14F2N204: C, 57.14; H, 4.20; N, 8.33; Found: C, 57.35; H, 4.26; N,
8.03. LR-MS (ESI) (m/z): calc. for (M+H)*: 337.099, found: 337.30. Calc. for (M-H)": 335.084, found:
335.20.

Ethyl 2-[2-(2-fluoro[1,1'-biphenyl]-4-yl)propanoyl]hydrazine-1-carboxylate (3c)

F
OO
NH O
o

NH
°\

Yield 69 %; m.p. 196-197°C; FT-IR vmax (cm™): 3288 (N-H); 1716 (C=0 ester); 1676 (C=0 amide).
'H-NMR (300 MHz), (DMSO-ds/TMS) & ppm: 1.17 (t, 3H, CH-CHs); 1.38 (d, 3H, CH-CHs3); 3.70 (q,
1H, CH-CHs); 4.04 (q, 2H, CH>-CHa); 7.24-7.55 (m, 8H, Ar-H); 9.05 (s, 1H, NH); 9.93 (s, 1H, NH).
Anal. Calcd for C1gH22FN203.1/2 H,0: C, 63.71; H, 5.94; N, 8.25; Found: C, 63.52; H, 6.00; N, 8.20.
LR-MS (ESI) (m/z): calc. for (M+H)": 331.145, found: 331.30. Calc. for (M-H): 329.130, found:
329.30.
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Ethyl 2-{3-[3-(trifluoromethyl)anilino]benzoyl}hydrazine-1-carboxylate (3d)

F
F——F

NH O
NH__O
NH ~
0

Yield 77 %; m.p. 172-173°C; FT-IR vmax (cm™): 3338, 3230 (N-H); 1728 (C=0 ester); 1645 (C=0
amide). *H-NMR (300 MHz), (DMSO-ds/TMS) & ppm: 1.22 (t, 3H, CH2-CH3); 4.08 (g, 2H, CH>-CH);
7.00-7.69 (m, 8H, Ar-H); 9.25 (s, 1H, NH); 9.39 (s, 1H, NH); 10.37 (s, 1H, NH). Anal. Calcd for
Ci7H16F3N303: C, 55.59; H, 4.39; N, 11.44; Found: C, 55.32; H, 4.39; N, 11.42. LR-MS (ESI) (m/z):
calc. for (M+H)": 368.121, found: 368.30. Calc. for (M-H)": 366.106, found: 366.25.

2.3. Biological evaluation
2.3.1. a-Glucosidase inhibition assay

The method for assessing antidiabetic activity described by Ramakrishna et al. was modified
and implemented with slight alterations (Ramakrishna et al., 2017; Sen et al., 2019). A 10 ul sample
(ranging from 250 to 0.49 pg mL™) was mixed with 40 uL of 0.1 M sodium phosphate buffer (pH 6.9)
and 100 pl of a-glucosidase enzyme (obtained from Saccharomyces cerevisiae, 1 U/mL) prepared in the
same buffer. The mixtures were incubated at 25°C for 10 minutes. Subsequently, 50 ul of 5 mM p-
nitrophenyl-a-D-glucopyranoside (pNPG) prepared in the buffer. The mixtures were then incubated at
25°C for an additional 5 minutes, and absorbance changes at 405 nm were measured before and after
incubation using a microplate reader. Acarbose (135-16.88 pg mL™) was used as the standard. The
percentage inhibition of enzyme activity by the samples was calculated using the following formula:
Percentage inhibition of a-glucosidase enzyme (%): (Acontro—Asample)/Acontror< 100
. Acontrol, Fepresents the absorbance of the control containing all components except the sample
(replaced with DMSO).

. Asample, represents the absorbance of the sample containing all components.

The inhibition concentration of the samples that reduced 50% of the a-glucosidase enzyme activity
(I1Cs0) was determined by plotting the inhibition graph against the concentrations of the samples using
GraphPad Prism 5 software. Measurements were repeated four times.

2.4. Statistical analysis

Statistical analysis was conducted using GraphPad Prism 5.0 software. Data are presented as
mean + standard deviation. Statistical comparisons were determined using one-way ANOVA followed
by Tukey's multiple comparison test. A p-value of <0.05 was considered statistically significant.

3. Results and Discussion
3.1. Chemistry

In this present work, new NSAID hydrazide derivatives (3a-d) were synthesized. The synthetic
route for the preparation of compounds 3a-d is outlined in Figure 2. First, compounds 2a-c were
obtained from naproxen, diflunisal, and flurbiprofen upon treatment with methanol in the presence of
sulfuric acid. The NSAID hydrazides were obtained from the condensation of 2a-c and etofenamate (1d)
with hydrazine hydrate. In order to prepare the target compounds, ethyl chloroformate and NSAID
hydrazides were heated with toluene in the presence of TEA. Among the newly synthesized compounds
(3a-d), compound 3a has got only a CAS number (CAS No: 1389160-65-9) with no spectroscopic and
synthesis data in Scifinder database. So, all of the synthesized compounds were checked for purity using
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elemental microanalysis and melting points and fully characterized by their spectral data for the first
time.

CHs CHj
OH NH
e SOR S
(¢]
e) ~o (0]
Naproxen (1a) 2a
o NH,
OH F NH

1) CH;0H, H,SO

Q
’ 4
o -
2) NH,NH,.H,0, C,H,OH

-n
.,
/
-
o
T

Diflunisal (1b) 2b
O~ OO
F o F o NH,
Flurbiprofen (1c) F F 2c
F
F F Q. NHp
F NH |\ N/H
/_/ NH,NH,.H,0, C,H,OH
NH
(o] 2d
Etofenamate (1d)
I
(0] (0]
R-CONHNH , §( ~ _ toluene R/J\NH/NH\/O\/
TEA I
2and 3ad ©

Figure 2. Synthesis of compounds 3a-d.

The structures of the synthesized compounds were elucidated by spectral methods (IR, *H-NMR
and mass spectra) and confirmed by elemental analysis. In the IR spectra, characteristic C=0 ester
stretching bonds (1697-1728 cm™) were observed, which are supported by the literature (Roller et al.,
2005). In the *H-NMR spectra, the signal of the -O-CH,-CHjs protons of the carboxylate moiety
observed 1.17-1.23 ppm as quartets, while the signals of the -O-CH,-CHj; protons were at 4.00-4.09 ppm
as triplets (Thakkalapally & Benin, 2005; Das et al., 2024). The mass spectra of the compounds were
recorded via the electrospray ionisation technique and (M+H)* and (M-H) seen in the spectra of all
compounds. Elemental analysis results were within +0.4 of the theoretical values for all compounds.

3.2. Biological Activity
3.2.1. a-Glucosidase enzyme inhibition results

In one of our recent studies, the alpha glucosidase inhibitory effect of hydrazide derivatives was
investigated and effective compounds were found (Senkardes et al., 2022). In this study, compounds 3a-
d were synthesized to evaluate their potency as o-glucosidase inhibitors. The results are detailed in

Table 1, highlighting 1Cs values in comparison with acarbose, which was used as the positive control.

Table 1. a-Glucosidase inhibition potential of 3a-d (ICso, ug mL™)

Compound ICs0 *
3a 648.10+3.47°
3b 218.50+1.84°
3c 237.40+3.32°
3d 188.30+0.142
Acarbose 190.70+2.05?

*Values in the table are expressed as mean = SD (n = 4). Different letters (superscript) in the same row
indicate significant differences between values (p < 0.05).
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Because of the lower 1Cso (the concentration of the sample required to inhibit 50% of enzyme
activity) indicates higher activity, Table 1 shows that among the samples, compound 3d, the derivative
of etofenamate, exhibited the highest a-glucosidase inhibitory activity, followed sequentially by 3b, 3c,
and 3d (p<0.05).

The weak inhibitory effect of compound 3a may be due to the absence of electron-withdrawing
groups (F and —NH) found in compounds 3b-d. The -F and -NH atoms found in compounds 3b-d provide
electron flow, making them more effective and polarizable. As seen in the literature (Sardar et al.,
2024b), the reason for the compound 3d exhibiting the strongest activity may be due to the strong
hydrogen bonding interaction between the NH atom and the active residues of the enzyme.

Nawaz et al. (2022) found that several analogues with fluorine atoms attached to the benzene
rings exhibited significant a-glucosidase inhibition. They also highlighted that the presence of the
fluorine group plays a key role in enhancing the activity of these compounds. This may be the reason
why the naproxen derived compound (3a) showed the lowest inhibition.

When comparing these results with similar studies examining the glucosidase activities of
derivatives synthesized from flurbiprofen and naproxen (Alam et al., 2022; Rane et al., 2025), it is found
that our compounds (3a-c) exhibit lower inhibitory activity. Furthermore, no literature reports have been
found regarding the glucosidase activity of diflunisal and etofenamate derivatives.

4. Conclusion

Novel hydrazide derivatives linked to different NSAIDs were synthesized, and characterized via
spectroscopic techniques. All compounds were evaluated for their a-glucosidase inhibitory potential.
The synthesized derivatives exhibited a range of inhibitory activities when tested for glucosidase
inhibition, using acarbose as the standard (ICs,=190.70+2.05 pg mL™). Biological activity results
revealed that ethyl 2-{3-[3-(trifluoromethyl)anilino]benzoyl}hydrazine-1-carboxylate (3d) as the most
potent derivative exhibited better potency (1Cs=188.30+0.14 pug mL™) than the clinically used drug,
acarbose. This research could provide insights into the development of new therapeutic agents for
conditions such as diabetes, where regulating glucosidase activity is essential for controlling blood sugar
levels. Furthermore, our future goal is to perform molecular docking studies and make the necessary
modifications to these compounds for improved efficacy, as well as to gather information on their
stability.
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