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The Synthesis of Thiosemicarbazone-Based Aza-Ylides as Inhibitors of Rat Erythrocyte Glucose
6-Phosphate Dehydrogenase Enzyme

Yusuf TEMELY", Sinan BAYIDIR?

ABSTRACT: Glucose 6-phosphate dehydrogenase (G6PD) enzyme plays an important role in various
biochemical processes such as synthesis of cholesterol, fatty acids, sphingosine, steroid hormones,
NADPH, some amino acids and ribose 5-phosphate. In this study, thiosemicarbazone-based aza-ylide
(TSCAs) derivatives 3a-3e, which form the main framework of many drugs such as thioacetazone,
ambazone, and perchlozone, were synthesized with a green approach and in vitro inhibitor or activator
effects on G6PD enzyme activity was investigated. As a result of studies, TSCAs derivatives 3a-3d
inhibited the G6PD enzyme activity with ICso in the range of 40.77 uM to 58.0 uM for G6PD.
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Sican Eritrosit Glukoz 6-Fosfat Dehidrogenaz Enzim Inhibitérleri Olarak Tiyosemikarbazon
Temelli Aza-Ylidlerin Sentezi

OZET: Glukoz 6-fosfat dehidrogenaz (G6PD) enzimi NADPH, baz1 amino asitler, sfingozin, steroid
hormonlari, kolesterol, yag asitleri ve riboz 5-fosfat sentezi gibi pek c¢ok biyokimyasal prosesin
gerceklesmesinde ¢ok 6nemli bir role sahiptir. Bu ¢alismada, tiyoasetazon, ambazon ve perklozon gibi
birgok ilacin ana iskeletini olusturan tiyosemikarbazon temelli aza-ylid (TSCASs) tiirevi 3a-3e
molekiillerinin sentezi ¢evreci bir yaklasimla gergeklestirilerek, GOPD enzim aktivitesi {izerine in vitro
sartlarda inhibisyon ve aktivasyon etkisi arastirilmistir. Caligmalar neticesinde, sentezlenen TSCAS
tirevleri 3a-3d molekiillerinin G6PD enzim aktivitesini 40.77 uM ile 58.0 uM araligindaki ICsg
degerlerinde inhibe ettigi belirlenmistir.
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INTRODUCTION

To date, a plurality of synthesized organic
molecules including functional groups such as
alcohol, acid, esters and aldehyde groups have
been reported as important enzyme inhibitors
(Zhao et al., 2013; Ebrahimi et al., 2015).
Unfortunately, these compounds are not ideal
enough due to their dissatisfied activity and
undesirable toxic side effects (Lin et al., 2014). In
the last years, thiosemicarbazone-appended
aromatic compounds have been receiving
significant attention in the area of medicine and
biochemistry because of their promising
biological effects and exceptional
pharmacological properties such as antimicrobial

Thioacetazone

(Costello et al., 2008), anti-HIV-1 (Pelosi et al.,
2010), anticancer (Jimbow et al., 2000; Yusuf et
al.,, 2014). However, the rich chemistry of
thiosemicarbazone (1) and importance of the
heterocyclic (Hassan et al., 2011; Gazieva et al.,
2012) and metal complexes (Sahin et al., 2010;
Pelosi et al., 2010; Netalkar at al., 2015) being
steadily derived from this, encourage the further
development of the green synthetic methods in
this field (Bayindir et al., 2019). A number of
popular drugs such as thioacetazone, ambazone
(Kleemann et al., 2001) and perchlozone
(Smolentsev et al., 2009) are included
thiosemicarbazone core (Malkina et al. 2017)
(Figure 1).

Ambazone

s
S—NH,

Cloy N—NH
+

Perchlozone

Figure 1. Medicines derived based on thiosemicarbazide

The pentose phosphate pathway (hexose
monophosphate shunt, PPP) occurs in the cytosol
of many organisms. This process is an alternative
pathway for glucose oxidation. The PPP has two
vital functions in terms of cell; one of is
production of NADPH, which is used as a
reducing power in many biosynthetic reactions
such as synthesis of cholesterol, fatty acids,
steroid hormones, sphingosine, and some amino
acids and it is also important for protection
against oxidative damage of cell (Bruinenberg et
al., 1983; Thomas et al., 1991); and the other
function is synthesis of ribose 5-phosphate.

Ribose, a five-carbon compound, and its
metabolic product, deoxyribose form the sugar
skeleton of RNA and DNA. These products are
play key roles in dividing cells. In addition, ribose
is involved in the production of many metabolic
intermediates such as AMP, ADP, ATP, cAMP,
coenzyme A, FAD, NADP" and NADPH
(Cuperlovic, 2013). Glucose 6-phosphate
dehydrogenase (EC 1.1.1.49, G6PD, NADP*
oxidoreductase) enzyme is the first and the key
regulatory biocatalyst in the pentose phosphate
pathway involved in carbohydrate metabolism.
The G6PD enzyme catalyzes conversion reaction
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(irreversible) of glucose 6-phosphate to 6-
phosphoglucono-g-lactone in the presence of
NADP™ (Ciftci et al., 2001, Beydemir et al., 2003,
Ciftci et al., 2003). The G6PD enzyme is also
associated with some diseases such as some
metabolic disorders, some cancer type, and
cardiovascular diseases (Zhang et al., 2014,
Hacker et al., 2012).

The thiosemicarbazone derivatives
synthesizing and investigating their potential
inhibitory actions are very important. However,
there is no study investigating the effect of
thioacetazone derivatives on metabolic enzymes
including G6PD. For this purpose in the present
study, we synthesized of thiosemicarbazone-
based aza-ylide (TSCAs) derivatives (3a-3e),
which have differed nature, by a green synthetic
approach and investigated their inhibition effects
on rat erythrocyte G6PD enzyme activity.

MATERIALS AND METHODS

General Information

All  solvents and chemicals were
commercially available from Fluka or Sigma-
Aldrich. All *H NMR and *C NMR spectra were
recorded on 400 (100)-MHz Bruker spectrometer.
The mixture reaction was monitored by thin layer
chromatography (TLC) plates (Merck, 60 F254).
UV-vis spectra were monitored on Shimadzu
UV-1800 UV/Visible.

Synthesis of Organic Compounds and Enzyme
Activity Studies

General procedure for synthesis of
thiosemicarbazones aza-ylides (3a-3e): To a
solution of aldehydes (2a-2e, 1.0 equiv.) in
ethanol (10 mL) was added slowly to the solution
of thiosemicarbazide (1, 1.0 equiv.). The reaction
mixture was refluxed without any catalyst for
between 5h and 12h, and was monitored by TLC.
After, the mixture product was recrystallized
from EtOH. After recrystallization,
thiosemicarbazone-based aza-ylide derivatives
(3a-3e) was obtained as following.

(E)-2-Benzylidenehydrazine-1-
carbothioamide (3a): White solid, m. p. 162-
163°C, yield 75%. *H-NMR (400 MHz, CDCls):
8 11.44 (s, 1H, NH), 8.22 (bs, 1H, NH>), 8.05 (s,
1H, =CH), 8.00 (bs, 1H, NH>), 7.80-7.78 (m, 2H,
=CH), 7.40-7.38 (m, 3H, =CH); ¥C NMR
(DMSO-d6) 6 180.0, 144.2, 136.2, 131.8, 130.7,
129.3. All spectroscopic data for 3a is compatible
with the literature (Lee et al. 2010; Thanigaimalai
et al. 2010).

(E)-2-(2-Hydroxybenzylidene)hydrazine-1-
carbothioamide (3b): Pale yellow solid, m. p.
228-230°C, yield 87%. H-NMR (400 MHz,
DMSO-d6): 6 11.35 (s, 1H, NH), 9.88 (bs, 1H,
OH), 8.37 (s, 1H, N=CH), 8.12 (bs, 1H, NH>),
7.93 (bs, 1H, NH>), 7.91 (bs, 1H, =CH), 7.23-7.19
(m, 1H, =CH), 6.87-6.79 (m, 2H, =CH); C-
NMR (100 MHz, CDCls): 6 177.6, 156.4, 139.6,
131.1, 126.7, 120.3, 119.2, 116.0. Al
spectroscopic data for 3b is compatible with the
literature (Kuznetsova et al. 2014).

(E)-2-(Pyridin-4-ylmethylene)hydrazine-1-
carbothioamide (3c): White solid, yield 94%. 'H
NMR (400 MHz, DMSO-d6) 6 11.56 (s, 1H, NH),
8.56 (s, 2H, NHy>), 8.60 (s, 1H, CH), 8.66 (s, 1H,
=CH), 7.98 (s, 1H, =CH), 7.98 (s, 1H, =CH), 8.66
(s, 1H, =CH). *3C NMR (100 MHz, DMSO-d6) §
178.5, 149.5, 146.9, 144.4, 120.4. Al
spectroscopic data for 3c is compatible with the
literature (Lee et al., 2010).

(E)-2-(Pyren-1-ylmethylene)hydrazine-1-
carbothioamide (3d): Red solid, m. p. 238-240
°C, yield 91%. *H-NMR (400 MHz, DMSO-d6):
8 11.58 (s, 1H, NH), 9.27 (s, 1H, =CH), 8.90 (d,
J =8.2 Hz, 1H, =CH), 8.48 (d, J = 8.2 Hz, 1H,
=CH), 8.36-8.21 (m, 8H, =CH, NHy), 8.12 (t, J =
8.2 Hz, 1H, =CH); **CNMR (100 MHz, DMSO-
d6): 6 177.8 (C=S), 140.2, 131.8, 130.8, 130.1,
128.7, 128.6, 128.2, 127.4, 126.9, 126.5, 126.0,
125.7, 125.1, 124.2, 124.0, 123.8, 121.6. All
spectroscopic data for 3d is compatible with the
literature (Wang et al., 2010; Ghosh et al., 2012;
Bayindir et al., 2019).
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(E)-2-(2-Oxoindolin-3-ylidene)hydrazine-1-
carbothioamide (3e): Yellow solid, m.p.> 300°C,
yield 94%. 'H-NMR (400 MHz, DMSO-d6): &
12.47 (s, 1H, NH), 11.21 (s, 1H, C=NH), 9.05 (bs,
1H, NH>), 8.70 (bs, 1H, NH,), 7.66 (d, J = 8.0 Hz,
1H, =CH), 7.36 (t, J = 8.0 Hz, 1H, =CH), 7.09 (t,
J = 8.0 Hz, 1H, =CH), 6.93 (d, J = 8.0 Hz, 1H,
=CH); *C-NMR (100 MHz, DMS0-d6): § 180.1,
163.3, 143.1, 132.4, 131.6, 122.8, 121.1, 120.7,
111.5. All spectroscopic data for 3e is compatible
with the literature (Lin et al., 2010; Sarigiiney et
al., 2014).

Preparation of hemolysate: The rat blood
samples placed in anticoagulant-containing tubes.
In order to seperate the erythrocytes blood
samples were centrifuged for 15 min at 2500 x g.
After removal of plasma and leukocyte layer, the
precipitate were washed three times with serum
isotonic (0.16 M KCI) and hemolyzed with 5
times of cold-water. Then, in order to remove the
ghost and intact cells 30 minutes centrifugation
process were conducted at 10.000xg (Temel and
Kocyigit, 2017; Aslan et al. 2018).

Purification of G6PD enzyme: After the
hemolysate  preparation process, prepared
hemolysate was loaded the 2,5'-ADP Sepharose
4B Affinity column, and following column
equilibrated with 50 mM KH2POs4, 1 MM EDTA
and ImM DTT at pH 7.3 buffer solution. The
G6PD enzyme was eluted with 80 mM KH2POs,
10 mM EDTA, 80 mM KCI and 5 mM NADP* at
pH 7.3 solution. All process were carried out at
4°C (Kirici et al. 2016: Temel and Kocyigit,
2017).

Measurement of G6PD enzyme activity:
G6PD enzyme activity was detrmined according

to Beutler’s method. This method depend on the
measurement of the absorbance of NADPH at 340
nm by spectrophotometrically (Beutler, 1971).

In vitro enzyme inhibition studies: In this
study, we synthesized thiosemicarbazone
derivatives to determine inhibition profiles on
G6PD enzyme activity purified from rat
erythrocytes. To determine 1Cso values (causing a
50% decrease in enzyme activity) were added
0.60 mM constant substrate (G6P) and different
concentrations thiosemicarbazone derivatives to
the reaction medium in 1mL of total reaction
volume. The inhibitor concentrations (ICso
values) were calculated via activity %-vs
compound concentration graphs. The K; values
and the types of enzymatic inhibition were
determined via Lineweaver—Burk graphs
(Lineweaver and Burk 1934). The study was
carried out approval form taken from Local Ethic
Committee of Animal Experiments of Bingol
University (85680299/020).

RESULTS AND DISCUSSION

Synthesis of Organic Compounds

As mentioned above, in this work we
interested in the synthesis and their enzyme
activity of some thiosemicarbazone-based aza-
ylide derivatives starting from commercially
available thiosemicarbazone and aldehydes. For
this purpose, thiosemicarbazone-based aza-ylide
derivatives (3a-3e) were synthesized via reaction
of aldehydes 2a-2e, which have different natures,
with hydrazinecarbothioamide (1) without any
catalyst. Detailed procedures and characterization
can be found in the experimental section and
Figure 2 for 3b and 3e.
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Scheme 1. Synthesis of thiosemicarbazone-based aza-ylide derivatives (3a-3¢)

In this study, the synthesis of
thiosemicarbazone-based aza-ylide derivatives
(3a-3e) was carried out with a green approach and
the rat erythrocyte G6PD enzyme inhibition
properties of 3a-3e were examined. The *H NMR
spectra of 3b and 3e, which are have different
nature, are shown in Figure 2. When the *H NMR
spectrum of 3d and 3e are examined, it is seen that
the NH (of N-NH-C=S group) proton peaks are
resonance at 11.35 (s, N=NH, 1H) ppm and 11.21
(s, N-NH, 1H) ppm, respectively. At the same
time, it is seen that protons of S=C-NH: groups in
the structure of the target molecules gave
resonances signals at 8.12 (bs, NH2, 1H), 7.93 (bs,
NH2, 1H) ppm and 9.05 (bs, NH, 1H), 8.70 (bs,
NH2, 1H) ppm, respectively (Figure 2A and 2B).

All spectroscopic data for thiosemicarbazone-
based aza-ylide derivatives 3a-3e synthesized
with a green approach are compatible with the
literature.

In Vitro Enzyme Kinetic Studies

The pentose phosphate pathway controlled
by the G6PD enzyme has vital functions for the
cell, such as synthesizing the intracellular
reducing power, ensuring the redox balance, the
synthesis of lipids, certain amino acids, certain
hormones and nucleotides. Also G6PD plays an
important role in proliferation, survival and
metastasis of cancer cells. Discovery of novel and
potent G6PD inhibitory agents might provide new
approaches for cancer therapy (Zhang et al.,
2014).

1507



Yusuf TEMEL and Sinan BAYINDIR

9(3): 1503-1512, 2019

The synthesis of thiosemicarbazone-based aza-ylides as inhibitors of rat erythrocyte glucose 6-phosphate dehydrogenase enzyme

(A) §
Ha »—NH2
Hb N—NH
/4
Hc
N O
Hd H
NH
Ha Hc Hb
Ha
(B)
Hb OH
it
=N.
Hc c H NH,
Ha O
NerNS
H

}LN H J\OH

13.0 12,5 12.0 11.5 11.0 10.5 10.0 9.5

9.0
f1 (ppm)

8.5 8.0 7.5 7.0 6.5 6.0 5.5

Figure 2. 'TH NMR spectrums of 3e (A) and 3b (B)

Along with the purification studies on the
G6PD enzyme, although the effects of the
inorganic compounds are quite a number of
studies (Temel et al., 2017, Bayramoglu et al.,
2018, Temel and Taysi, 2018), there are a limited
number of studies on the effects of organic based
compounds (drug analog or candidate) on the
enzyme activity (Bayindir et al., 2018a, Bayindir
et al., 2018b, Temel et al., 2018).Although the
effects of thiosemicarbazone derivatives, which
were synthesized in the scope of this study and
which constitute the main skeleton of important
drugs, were studied on various enzymes, no
studies have been conducted on G6PD enzyme. In
this context, it is important to investigate the
effects of these skeletons on the activity of G6PD
enzyme.

In this study G6PD enzyme was purified in
a single chromatographic step with 2',5-ADP

Sepharose 4B Affinity column chromatography
from rat erythrocytes. Following purification of
enzyme, we investigated the effect of G6PD with
a series of thiosemicarbazone-based aza-ylide
derivatives (3a-3e). While the
thiosemicarbazone-based aza-ylide derivatives
(3a-3d) had effective inhibition effects against
G6PD enzyme, 3e had not any effect against
G6PD. The inhibition effect observed with these
derivatives on G6PD enzyme activity are shown
in Table 1. According to Table 1 and Fig. 3, the
ICso values were found in the range of 40.77-
58.01 uM towards G6PD enzyme (Entry 1-4).
Bayindir et al. found that new synthesized
N-benzoylindole compounds inhibited G6PD
enzyme with ICso values in the range of 3.39 uM
to 1505 uM (Bayindir et al., 2018b). In a different
study, the effects of synthesized new oxindole
compounds on G6PD and 6PGD enzyme
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activities were investigated. As a result of this
study, it was determined that the synthesized
compounds inhibited the G6PD enzyme with I1Cso
values in the range of 99 uM -304 uM. Compared
with other studies, ICso and K; values, which are
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40.77-58.01 uM for ICspand 53.79-62.26 uM for
Ki, were found near together. These results imply
that the binding morphology of these molecules is
similar (Table 1, Entry 1-4).
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Figure 3. IC50 graphs of TSCA derivatives 3a (A), 3b (B), 3c (C) and 3d (D) on rat erythrocyte G6PD enzyme

Table 1. The determination of 1Cso, Ki values and inhibition types of the TSCAs

Entry Compounds Inhibition type 1Cs0 (uM) Ki(uM)
1 3a Non- Competitive 58.01 62.26
2 3b Non- Competitive 53.30 53.79
3 3c Non- Competitive 57.71 53.92
4 3d Non- Competitive 40.77 57.63
5 3e No effect - -

Studies with G6PD suggested that the least
effective  thiosemicarbazone-based aza-ylide
derivative was 3e, which did not affect the
enzymatic activity up to a concentration in the
range of 2.25-11.25 uM (Table 1, Entry 5). For
G6PD enzyme, the K values were found in the
range of 53.79-62.26 uM. (Table 1, Entry 1-4, and
Fig. 4). This inhibition results clearly indicated

that thiosemicarbazone-based aza-ylide
derivatives (3a-3d), which are synthesized
compounds, had efficient non-competitive
enzymes inhibition effect. As a result of studies,
the most potent inhibitory effect on G6PD
enzyme activity was obtained by
thiosemicarbazone-based aza-ylide derivatives 3b
with Kj values of 53.79 uM.
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Figure 4. K;graphs of TSCA derivatives 3a (A), 3b (B), 3c (C) and 3d (D) on rat erythrocyte G6PD enzyme

CONCLUSION

In this study, the inhibitory effects of
thiosemicarbazone-based aza-ylide derivatives
(TSCAs) 3a-3e on important enzyme of pentose
phosphate pathway, G6PD were investigated in
vitro. Initially, thiosemicarbazone-based aza-
ylide derivatives 3a-3e, which are the skeleton of
natural and important medicinal chemicals such
as thioacetazone, ambazone, and perchlozone,
were synthesized via a green approach without
catalyst. Following synthesis, TSCAs derivatives
3a-3e were investigated for their G6PD inhibition
properties. The results suggested that TSCAs
derivatives 3a-3d except 3e were moderate
inhibitors of the rat erythrocyte G6PD enzyme.
As a result of studies, TSCAs inhibited the G6PD
enzyme activity with ICsp in the range of 40.77
uM and 58.0 uM for G6PD.
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