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Abstract 
The compounds having two or more antioxidant functions in their structure exhibit antioxidant synergism that generally 
increase the antioxidant activity of these compounds. In this study, two series of semicarbazone (7a–j and 7a′–j′) bear-
ing butylated ortho and para hydroxy benzylidene ring were prepared for the investigation of antioxidant synergism. This 
study found that intramolecular hydrogen bond can form in semicarbazones due to the inappropriate position of hydroxyl 
group on benzylidene ring, which adversely affects the antioxidant synergism. As consequence, butylated para hydroxyl 
benzylidene phenyl semicarbazone (7a) (IC50 12.27 µM) showed ~ 4.3 times and ~ 2.7 times better antioxidant activity than 
compounds 7a′ (IC50 53.30 µM) and BHT (IC50 32.63 µM), respectively, in DPPH assay. In addition, based on the solubility 
in trimethylolpropane trioleate (TMPTO) as synthetic base oil and obtained IC50 results, oxidation stability of synthesized 
compounds was also evaluated by two kinds of differential scanning calorimeter (DSC) test, namely temperature ramping 
DSC and programmed temperature DSC. Thermogravimetric analysis is also performed for the thermal stability assessment. 
TMPTO incorporated with 0.25 mass% of 7c and 7e were found better oxidative (around 2 times) and thermal resistance 
than BHT. This DSC results showed another important aspect of semicarbazones that proper modification of semicarbazones 
can be used in the synthetic lubricant oil as a potential antioxidant. Thus, the results of this study are promising which can 
be taken under consideration to design and prepare more efficient multipotent semicarbazones.
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Introduction

Oxidative stress is one of the main causes of etiology and 
expansion of major human deteriorating disease. The imbal-
ance of production of free radical (reactive oxygen species) 
and the ability of the body to counteract the free radical 
cause oxidative stress [1, 2]. So excessive free radicals exert 
toxic effects throughout the body especially responsible for 
cancer and other chronic diseases [3, 4]. Apart from the oxi-
dative stress in the human body, free radicals cause auto-oxi-
dation and premature oxidation in industrial products such as 
oils, rubbers, food and foodstuffs [5–7]. Premature oxidation 
is one of the major obstacles to develop the oxidatively and 
thermally stable synthetic lubricant where eco-friendly syn-
thetic lubricants become a necessity of the modern world.

So, development of eco-friendly synthetic lubricant 
from sustainable resources has drawn a great interest for 
the last few years to replace the mineral lubricants because 
of the risen environmental concerns and preventive proto-
cols [8–10]. Moreover, reliance on fossil-based resources is 
no longer pragmatic in perspective of feasible, eco-friendly 
and financial purposes and in addition, the reserve of fos-
sil-based resources is notably diminishing with time. As a 
result, synthetic lubricant oils or vegetable oils have gained 
a great consideration because it derived from cheaper renew-
able resources and their better lubricant properties than the 
mineral oils [11]. Unfortunately, due to the lower oxidative 
and thermal stability it has failed to get wide acceptance. 
This is because the production of free radical in lubricant oil 
causes premature oxidative degradation that is responsible 
for product damage, discoloration, and reduced lifetime.

The premature oxidation or auto-oxidation process and 
excess free radical production in vivo or in vitro can be 
stopped or delayed by introducing antioxidant into the sub-
strates. Antioxidants can inhibit the different stages of the 
oxidation process in industrial products by their different 
mood of actions or mechanisms such as scavenging free 
radicals or decomposing peroxides radicals and deactivating 
metal ions. Thus, these are divided into three main groups 
based on their mode of action: free radical scavenger or pri-
mary antioxidant, the other peroxide decomposer or second-
ary antioxidant and metal chelator or deactivator [12]. For 
past few years, researchers have been trying to develop effi-
cient multipotent or multifunctional antioxidant by assem-
bling two or more antioxidant functions in one structure, 
because high efficient multifunctional antioxidants would 
be an effective solution to get over the problems caused by 
free radical such as oxidative stress in the human body and 
low oxidative stability of industrial product, e.g., synthetic 
lubricant oil [11].

Butylated hydroxytoluene (BHT) is one of the widely 
used antioxidants, and semicarbazones are extensively 

reported pharmacophore which also possesses excellent 
antioxidant properties. Butylated hydroxytoluene (BHT) is 
well-known synthetic primary antioxidant. It has been exten-
sively used in the food industry, pharmaceuticals, rubber, 
and lubricant due to its excellent free radical scavenging 
capacity [13]. It is identified as safe for use in food at low 
concentration as a food preservative. Thus, it has been uti-
lized in the food industry, food packaging, fish products and 
so on [14, 15]. BHT is also broadly utilized in combination 
with other antioxidants such as butylated hydroxyanisole 
(BHA), propyl gallate, and citric acid for the stabilization 
of oils and high-fat foods [16, 17]. BHT also exhibited good 
synergism results with other antioxidants in the application 
of rubber and lubricant oil.

Again, semicarbazones, which are versatile pharmacoph-
ore agents, have earned interest in medicinal and pharma-
ceutical fields due to broad-spectrum biological activities 
such as anticonvulsant, antitumor, and anticancer properties 
[18–21]. Semicarbazones are also known tridentate or neu-
tral ligand since they contain multiple donor atoms in their 
structure. Their metal complexes also exhibit significant 
activity against bacteria, fungi, and viruses which extends 
the versatility of the applications [22]. Moreover, substituted 
semicarbazones can be used as a platform chemical to pre-
pare benzotriazepin compounds which are also an important 
class of drug due to their psychostimulant, antidepressant, 
anorexigenic, and antihypertensive properties [23]. Some 
researchers also revealed their antioxidant activity as they 
have two secondary amino in its structure [24, 25]. Sabari 
et al. reported some new semicarbazone derivative of cur-
cumin for its antioxidant and antimicrobial properties. It is 
believed that favorable substitution of semicarbazones would 
affect significantly its free radical scavenging ability [26]. 
Example like chalcone semicarbazones, a pharmacophore 
model, was found to have good antioxidant activity [27].

Comparing mono-functional antioxidants such as hin-
dered phenol and aromatic amine, inhibiting action of mul-
tifunctional antioxidants is more complicated and effective 
because their structures contain multiple antioxidant func-
tions which involved in the termination of free radical chain 
reaction through different mechanisms [28, 29]. Multifunc-
tional or multipotent antioxidants have been used widely into 
pharmaceuticals, rubber, and petroleum because of their effi-
cacy in terminating free radicals. This type of antioxidants 
has drawn a tremendous attention for the treatment of sev-
eral diseases [30]. For example, thiazolidinone derivatives 
incorporated with butylated hydroxyphenyl (BHP) exhibit 
antioxidant activity along with Ca2+ overload inhibitor and 
Ca2+ channel blocker [31].

Therefore, discovering effective multipotent antioxidants 
is now paramount need to effectively counteract the free rad-
icals to reduce the risk of oxidative stress as well as to give 
better oxidative stability to synthetic lubricant oil. Herein, 
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we have envisioned to make multipotent semicarbazone 
incorporated with two types of butylated hydroxyphenyl 
(BHP) as an efficient antioxidant. The purpose of this study 
is to develop a group of efficient multipotent semicarbazones 
which can exhibit excellent antioxidant activity and to study 
the role of the ortho and para hydroxyl group of BHP incor-
porated semicarbazones on the antioxidant activity. Antioxi-
dant properties of these synthesized compounds were inves-
tigated by DPPH assay, and effects of different substituents 
on the antioxidant activity were also studied. Furthermore, 
some synthesized compounds were chosen based on easy 
solubility in trimethylolpropane trioleate as synthetic ester-
based lubricant for the evaluation of oxidative stability by 
differential scanning calorimeter (DSC) and thermal stability 
by thermogravimetric analysis (TGA) compared with com-
mercial antioxidant BHT.

Experimental

General remarks

 All chemicals and reagents were of analytical grade and 
supplied by Sigma-Aldrich and Merck, Malaysia, and 
used without further purification. Double-distilled water 
was used throughout the experiment. Pre-coated silica gel 
plates (0.25 mm) were utilized for analytical thin-layer 
chromatography to monitor the reaction and imagined by 
UV light. Column chromatography was done on Silica 

Gel 60 (particle size: 0.040–0.063 mm). IR spectra were 
recorded using FTIR-ATR of the solid samples. Melt-
ing points were approximated. 600 MHz and 150 MHz 
NMR spectrometers were used for 1H NMR and 13C NMR, 
respectively, and tetramethylsilane was used as a reference. 
Chemical shifts (δ) were measured in ppm with respect 
to the residual solvent peak (CHCl3, δ = 7.26; DMSO-d6, 
δ = 2.51 for proton spectra; 13CDCl3, δ = 77.0; DMSO-d6, 
δ = 40 for carbon spectra). High-resolution mass spectra 
were performed on a time-of-flight Q-TOF LCMS system.

Synthesis of 2‑((3,5‑di‑tert‑butyl‑4‑hydroxybenzyl) thio) 
acetohydrazide (3) and substituted semicarbazides 5a–j

2-((3,5-di-tert-butyl-4-hydroxybenzyl)thio)acetohydrazide 
was synthesized according to a previously described 
method (Scheme 1) [32].

Acid hydrazide (1 g, 3.12 mmol) was stirred in tolu-
ene (20 mL), then an equimolar amount of aryl isocyanate 
was introduced, and the reaction was monitored by TLC 
(Scheme 2). All the substituted semicarbazides formed 
white precipitates during the reaction, which were filtered 
and washed several times with toluene. Dichloromethane 
(CH2Cl2) was used for compounds 5c, 5d and 5i since 
2,4-dichlorophenyl isocyanate, 4-cyanophenyl isocyanate 
and 4-acylphenyl isocyanate are not soluble in toluene. 
Compound structures were confirmed by IR, 13C NMR, 
1H NMR and HRMS analyses. Characterization data were 
presented in the supporting files. We have already reported 
the following synthesized substituted semicarbazides 

Scheme 1   Preparation of acid hydrazide (3)

Scheme 2   Preparation of substituted semicarbazides
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5a–5c, 5f, 5h, and 5j with characterization data in the lit-
erature [33]. Herein, compounds 5d, 5e and 5g have been 
reported with characterization data (Supporting file). All 
the synthesized compounds were solid and stored at ambi-
ent temperature.

General procedure for the synthesis 
of semicarbazones (7a–j and 7a′–j′)

0.65 mmol of substituted semicarbazides (5a–j) and an equi-
molar quantity of aldehyde were taken into round-bottle flask 
with approximately 10 mL of ethanol. Then the mixture was 
stirred at 90 °C for 4–5 h in the presence catalytic amount 
of HCl (1.6 mmol) until the disappearance of the starting 
materials spot in the thin-layer chromatography. Afterward, 
the reaction mixture was allowed to warm to ambient tem-
perature, stirred for around half an hour. The expected semi-
carbazones started the formation of solid precipitate during 
ambient temperature stirring in some of the reactions. The 
precipitate was filtered and washed with hexane for several 
times. Then the resultant products were dried and either 
recrystallized from hexane or column chromatography. How-
ever, the reaction in which no precipitates were found, the 
reaction mixture was concentrated and purified by column 
chromatography on silica gel with hexane/EtOAc mixture as 
the eluent. All characterization data have been included into 
supporting files.

1, 1‑diphenyl‑2‑picrylhydrazyl (DPPH) assay

DPPH radical scavenging assay was carried out accord-
ing to the literature [34] with some modifications. To a 
range of various concentrations 60, 40, 20, 10 μM mL−1 
of samples, DPPH solution (50μL, 0.203 mM in MeOH) 
was added. Around 1 mg of synthesized compounds was 
dissolved in MeOH (5.0 mL, 100%) as a stock solution. 
This stock solution was diluted to a range of final extrac-
tion concentrations 60, 40, 20, and 10 μM. A negative con-
trol with the same DPPH concentration in MeOH without 
sample was used. Each assay was carried out in triplicates. 
The mixture was then incubated in dark for 60 min at 
room temperature. Absorbance at 517 nm for each sample 
was measured. BHT was used as positive control. The 
free radical scavenging activity of the compounds will be 
calculated as a percentage of radical inhibition by using 
the formula:

where As = Absorbance of the compounds/positive control, 
and Ac = Absorbance of control (MeOH solution).

Percentage of Inhibition (%) =
[

(Ac − As)∕Ac
]

× 100,

To determine the concentration required to achieve 50% 
inhibition (IC50) of DPPH radical, the percentage of DPPH 
inhibition for each compound will be plotted against extract 
concentration.

Differential scanning calorimetry (DSC)

Temperature ramping DSC

Differential scanning calorimetry was conducted for the 
evaluation of oxidation induction time and oxidation onset 
temperature by utilizing TA DSC Q2000. For the assess-
ment of OIT, 5 mg of sample oil was placed in an open 
aluminum pan under 2 bar pressures of nitrogen. Metal 
indium was used for the temperature calibration at 20 °C 
heating rate. The sample was heated in a nitrogen atmos-
phere until reached the isothermal temperature 150 °C and 
then switched to oxygen gas at 20 mL min−1 rate.

Programmed temperature DSC

This experiment was also carried out by the same instru-
ment. 3 mg of oil sample was placed in an open aluminum 
pan for the maximum interaction between oil and reactant 
gas in order to avoid gas diffusions limitations. Temperature 
scanning rate of 20 °C min−1 was kept in the temperature 
ramping experiments, and 99.99% pure oxygen flow was 
maintained at 20 mL min−1.

Thermogravimetric analysis (TGA)

The thermal stability of TMPTO and TMPTO with 
0.25 mass% of BHT, 7c and 7e in air was investigated by 
examining the thermal decomposition temperature by the 
way of thermogravimetric analysis (TGA) over a tempera-
ture limit from ambient to approximately 600 °C, at scanning 
rate of 10 °C min−1 using a thermal analyzer.

Results and discussion

Synthesis of BHA incorporated semicarbazones

Recently, we disclosed a robust reaction protocol for the 
synthesis of semicarbazones to skip the limitations of previ-
ously reported methods such as functional group incompat-
ibility and lower yields [33]. In brief, this reaction protocol 
involved the synthesis of acid hydrazide that was reacted 
with aryl isocyanate to obtain substituted semicarbazides; 
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it was then treated with benzaldehyde to get expected 
semicarbazones.

Accordingly, 10 substituted semicarbazides were pre-
pared by the reaction of a pre-prepared acid hydrazide and 
10 different aryl isocyanate at room temperature using two 
different solvents: toluene and dichloromethane based on the 
solubility of the reactants. All the substituted semicarbazides 
(4a–j) were obtained with notable yields but at different 
reaction completion period. The results are summarized in 
Table 1.

Then the synthesized substituted semicarbazides were 
taken into the reaction with 3,5-di-tert-butyl-4-hydroxy ben-
zaldehyde in the presence of acidic ethanol at 90 °C. The 
results are outlined in Table 2. N1-(3,5-di-tert-butyl-4-hy-
droxy benzylidene)-N4-(substituted phenyl)-semicarbazones 
(7a–j) were obtained successfully with notable yields. Semi-
carbazones containing 4-fluoro phenyl 7b, 2,4-di-chloro phe-
nyl 7c, 4-cyano phenyl 7d, 3-methoxy phenyl 7e, m-tolyl 7f, 
naphthalene 7j attached at N-4 were isolated with around 
90% more product yields. Again, acetyl 7h, ethyl ester 7i 
substituted phenyl semicarbazones provided more than 80% 
yields.

After obtaining the substituted semicarbazones (7a–j) 
containing 3,5-di-tert-butyl-4-hydroxyphenyl, we prepared 
another series of same substituted semicarbazones attaching 
with 3,5-di-tert-butyl-2-hydroxyphenyl to investigate antiox-
idant activity of both series. Thus, pre-prepared substituted 
semicarbazides (5a–j) were reacted with 3,5-di-tert-butyl-
2-hydroxy benzaldehyde 6′ upon heating with acidic etha-
nol. Interestingly, 3,5-di-tert-butyl-2-hydroxy benzaldehyde 

also went into reaction with all the synthesized substituted 
semicarbazides (5a–j) and also provided the noticeable 
yields. The results are shown in Table 3. All N1-(3,5-di-
tert-butyl-2-hydroxy benzylidene)-N4-(substituted phenyl)-
semicarbazones (7a′–j′) were obtained with around 90% 
more products yields.

Antioxidant activity evaluation by DPPH assay

The free radical scavenging ability of series N1-(3,5-di-
tert-butyl-4-hydroxy benzylidene)-N4-(substituted phenyl)-
semicarbazones (7a–j) and N1-(3,5-di-tert-butyl-2-hydroxy 
benzylidene)-N4-(substituted phenyl)-semicarbazones 
(7a′–j′) were evaluated by a non-enzymatic method DPPH 
assay. Reduction of DPPH by antioxidant causes the color 
changes from purple to yellow and it is also observed by the 
decreasing absorption at 517 nm in the spectrophotometer. 
The free radical scavenging properties of the synthesized 
semicarbazones were investigated by the interaction between 
experimental compounds and 0.2 mM 1,1-diphenyl-2-picryl-
hydrazine (DPPH) for 30 min. The antioxidant activities of 
the series 1 of N1-(3,5-di-tert-butyl-4-hydroxy benzylidene)-
N4-(substituted phenyl)-semicarbazones (7a–j) obtained 
from DPPH assay are summarized in Fig. 1.

Although all the compounds (7a–j) possessed the rea-
sonable free radical scavenging properties, most of them 
exhibited promising oxidation inhibition in comparison with 
standard BHT. The compound 7a showed remarkable anti-
oxidant activity in comparison with BHT as it is shown in 
Fig. 1 that IC50 value of 7a was found 12.27 µM, whereas 

Table 1   Evaluation of the 
reaction of substituted 
semicarbazides formation 
5a–ja–c

Substituted 
semicarbazide Ar Yields % Substituted

semicarbazide Ar Yields %

5a 99b 5f 90b

5b 98b 5g 90b

5c 98c 5h 95b

5d 95c 5i 90c

5e 95b 5j 90b

a Reagents and conditions: 3 (3.12 mmol), 4a–j (3.12 mmol), room temperature
b Toluene was used as a solvent
c Dichloromethane was used as a solvent
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IC50 32.63 µM value was obtained for BHT. The lower value 
of IC50 of compounds indicates the better antioxidant activ-
ity. Compounds (7a–e, 7g, 7h) showed the lower IC50 val-
ues than standard BHT. The increasing order of IC50 can be 
made from results in Fig. 1 as 7a > 7b > 7h > 7e > 7c > 7g > 
7d > 7i > BHT > 7j > 7f.

The ser ies of N1-(3,5-di-ter t-butyl-2-hydroxy 
benzylidene)-N4-(substituted phenyl)-semicarbazones 
(7a′–j′) were also conducted with DPPH assay, and results 
are shown in Fig. 2. Free radical scavenging properties 
of these compounds can be ordered from the obtained 
results as follows: 7e′ >​ 7i′ ​> 7h′​ > BH​T > 7b​′ > 7​g′ > ​7c′ > ​
7d′ >​ 7a′ ​> ​7f​′ ​> 7j′.

In this series, 3-methoxyphenyl semicarbazones, 3-eth-
oxy carbonyl phenyl semicarbazone and 4- acetyl phenyl 
semicarbazones showed better radical scavenging proper-
ties than standard BHT, though the rest of the compounds 
exhibited reasonably antioxidant properties.

Generally, it is observed in DPPH assay results (Figs. 1, 
2) that N1-(3,5-di-tert-butyl-4-hydroxy benzylidene)-N4-
(substituted phenyl)-semicarbazones (7a–j) offer the better 
antioxidant activity than N1-(3,5-di-tert-butyl-2-hydroxy 
benzylidene)-N4-(substituted phenyl)-semicarbazones 
(7a′–j′). This may primarily be attributed to the position 
of hydroxyl radical (-OH) on the benzylidene ring at N-1 
of semicarbazones and the substituents effects of the N-4 
ring.

Higher stability of phenoxy radical and lower bond dis-
sociation enthalpies BDE values of O–H bonds are the pre-
requisite of a hindered phenol to be an antioxidant. It is well 
known that antioxidant activity of hindered phenol such as 
BHT varies with the values of BDE of O–H bond and stabil-
ity of phenoxy radical [35]. The BDE values of O–H in BHT 
depend on the OH group position on the benzene ring and its 
substituents [13]. The stability of phenoxy radical depends 
on the steric hindrance. So, in butylated hydroxytoluene, the 

Table 2   Evaluation of N1-(3,5-di-tert-butyl-4-hydroxy benzylidene)-N4-(substituted phenyl)-semicarbazones (7a–j)a,b

5a–j
7a–j

6

8

7a, 92%

7f, 90%

7b, 94% 7c, 90% 7d, 90% 7e, 95%

7g, 87% 7h, 88% 7i, 85% 7j, 92%

a Reagents and conditions: 5a–g (0.65 mmol), 6 (0.65 mmol), HCl (1.6 mmol), ethanol (10 mL), 90 °C
b Isolated yield
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sterically hindered hydroxyl group is obtained by flanking 
two bulky groups like tertiary butyl groups to attain more 
stable phenoxy radical. Thus, the phenoxy radical, formed 

by donating a proton to reduce free radical, is not affected 
by any electrophiles readily.

Table 3   Evaluation of N1-(3,5-di-tert-butyl-2-hydroxy benzylidene)-N4-(substituted phenyl)-semicarbazones (7a′–j′)a, b

5a–j

6′

8

7a′–7j′

7e′, 95%
7d′, 92%7c′, 92%7b′, 96%7a′, 95%

7f′, 91% 7g′, 90% 7h′, 88% 7i′, 90%
7j′, 95%

a Reagents and conditions: 5a–g (0.65 mmol), 6′ (0.65 mmol), HCl (1.6 mmol), ethanol (10 mL), 90 °C
b Isolated yield

Fig. 1   Antioxidant activity of 
synthesized compounds (7a–j) 
by DPPH assay
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In case of semicarbazones, amide-imidic acid tautom-
erism might play an important role on their antioxidant 
properties shown in Scheme 3. Hydroxyl group of imidic 
acid form of semicarbazones and/or secondary aromatic 
amine might involve in the H-atom transfer mechanism (or 
single electron transfer) to reduce the free radicals.

In the structure of first series 1 (7a–j), the para hydroxyl 
group of butylated hydroxyphenyl (BHP) is flanked by two 
tertiary butyl groups, so the antioxidant activity of butylated 
hydroxyphenyl moiety in 7a–j may remain same as BHT 
due to the favorable position (ortho) of O–H group but may 

be affected by the substituents. Consequently, phenyl semi-
carbazones bearing BHP 7a showed promising antioxidant 
activity (IC5012.27 µM or 4.51 µg/L) in DPPH assay which 
is around 2.7 time better than BHT (IC50 32.63 µM). The 
oxidation inhibition of phenyl semicarbazone bearing ben-
zylidene ring (N1-benzylidene-N4-phenyl-semicarbazones) 
was reported 33.29 µg/L (IC50 value) in 0.1 mM DPPH con-
centration by Jafri et al. [24]. While phenyl semicarbazones 
incorporated with BHP (7a) showed significant antioxidant 
activity (IC50 4.51 µg/L) in 0.2 mM DPPH concentration 
in this study. This is may be due to the combination of two 

F​ig.​ 2​   Antioxida​nt ​act​ivi​ty ​of ​
syn​thesized semicarbazones​  
(​7a′​–​j′) by DPPH assay
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Scheme 3   Amide-imidic acid form of semicarbazone
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antioxidant functions in one structure that able to exhibit 
the antioxidant synergistic effect. However, this antioxidant 
activity varies with the presence of different substituents at 
N-4 ring of semicarbazones. BHA incorporated semicarba-
zones containing 4-fluoro 7b, 4-acetyl 7h, 3-methoxy 7e, 
4-chloro 7c, 4-Cyano 7d, 4-ester 7i and 4-sec-butyl 7g at N-4 
benzene ring of semicarbazone exhibited lower IC50 values 
than BHT, but 3-methyl 7f and naphthyl 7j substituted semi-
carbazones showed higher IC50 values.

In the structure of the second series, the hydroxyl group 
of BHP is not flanked by two tertiary butyl groups in 3,5-di-
tert-butyl-2-hydroxy benzylidene ring. This may increase 
the BDE value of O–H group, resulting in the lower antioxi-
dant activity of the compounds of this series 2 in compari-
son with series 1. BDE value of O–H group of this series 
might be affected by the hydrogen bond which would occur 
between the hydrogen of OH group and nitrogen of imine 
group. Due to the formation of a hydrogen bond between H 
and N, it becomes difficult to abstract the proton from –OH 
group due to the high BDE values. It can be displayed in 
Fig. 3 that describes the probable formation of hydrogen 
bond in series 2 structure (7a′–j′).

This hydrogen bond might decrease the normal anti-
oxidant activity of butylated hydroxyphenyl which results 
are the lower antioxidant activity of series 2 compounds. 
This series may not be able to provide any synergistic 
effect between BHP and semicarbazones functional group 
because of the formation of intramolecular H-bond. This 
may be attributed to the higher IC50 value of the compound 
7a′ (53.30 µM), resulting in the lower antioxidant activity 
which is around 4.3 times lower than the antioxidant activity 
of 7a (IC5012.27 µM). Thus, the antioxidant activity of series 
2 might be obtained only from semicarbazones functions 
which have been described earlier. Interestingly, 3-meth-
oxyphenyl 7e′, 4-ethyl carbonyl phenyl 7i′ and 4-acetyl 
phenyl 7h′ semicarbazones incorporated with 3,5-di-tert-
butyl-2-hydroxyphenyl showed better antioxidant activ-
ity than standard BHT in DPPH assay. However, it can be 
concluded from the above discussion that semicarbazone 
bearing 3,5-di-tert-butyl-4-hydroxyphenyl can be effective 

antioxidant compounds than the semicarbazones incorpo-
rated with 3,5-di-tert-butyl-2-hydroxyphenyl.

Oxidation stability assessment 
of trimethylolpropane trioleate (TMPTO)

After the careful evaluation of antioxidant properties of the 
series 1 and series 2 compounds, we proceeded to inves-
tigate the oxidation stability of synthesized compounds in 
TMPTO as ester-based lubricant oil based on the solubility 
and obtained IC50 results. Compounds 7a, 7b, 7c, 7e, 7g and 
7a′ were easily soluble in TMPTO and we carried out two 
types of differential scanning calorimeter (DSC) test, namely 
temperature ramping DSC and programmed temperature 
DSC. Generally, lower mass% of antioxidant is preferred to 
be used in the industrial lubricant composition which could 
be generally 0.1–2 mass% [36]. The use of 0.25 mass% of 
our experimented samples showed significant difference in 
oxidative stability evaluation in the DSC experiment. Thus, 
0.25 mass% were chosen to be blended with TMPTO base 
oil for the evaluation of oxidative stability. The samples were 
blended in TMPTO with very less amount (0.25 mass%) and 
conducted temperature ramping DSC with a constant scan-
ning rate of 20 °C min−1 to assess their oxidation decom-
position temperature. The obtained results from tempera-
ture ramping DSC analysis are outlined in Fig. 4. Base oil 
TMPTO exhibited the oxidation onset temperature (OOT) 
at 173.93 °C, OOT of TMPTO incorporated with 0.25% of 
BHT, compounds 7a and 7a′ did not show any significant 
difference. However, TMPTO incorporated with N1-(3,5-di-
tert-butyl-4-hydroxy benzylidene)-N4-(3-methoxyphenyl)-
semicarbazones (7e) showed higher OOT at 185.4 °C.

Afterward, all experimental samples were carried out for 
programmed temperature DSC at 150 °C isothermal temper-
ature for the evaluation of oxidation induction time (OIT). 
OIT of the experimental samples is outlined in Fig. 5.

OIT of TMPTO base oil was observed 1.07 min, though 
incorporation of 0.25 mass% of 7a and 7a′ didn’t show any 
significant increase in OIT, whereas BHT showed 5.48 min 
OIT. But TMPTO blended with 0.25 mass% of 7e and 7c 

Fig. 3   Probable structure for the 
formation of hydrogen bond in 
series 2
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showed better OIT values (10.02 min and 8 min, respec-
tively) shown in Fig. 6. Again, TMPTO incorporated 4-fluo-
rophenyl semicarbazones (7b) and 4-sec-butyl-phenyl semi-
carbazones (7g) showed almost identical OIT values (6.5 
and 6.57 min, respectively).

This experiment was again carried out at 125 °C iso-
thermal temperature with the same blended TMPTO oil to 
observe the change of OIT. The obtained results are dis-
played in Table 4.

It was found that 0.25 mass% 7e and 7c inhibited oxida-
tion stability (OIT) of TMPTO 42.23 min and 41.52 min, 
respectively, at 125 °C isothermal (Fig. 7), while Blank 
TMPTO showed 2.25 min OIT.

Afterward, for the further assessment of antioxidant 
blended oil, we carried out the conventional thermogravi-
metric analysis (TGA) with TMPTO base oil and TMPTO 

with 0.25 mass% of 7c, 7e and BHT in order to evaluate the 
thermal stability.

It was seen from Fig. 8 that TMPTO with 0.25 mass% of 
compound 7e and 7c started decomposition at 373.93 °C and 
372.77 °C, respectively, whereas only TMPTO decomposed 
at 341.07 °C. On the other hand, 341.86 °C decomposition 
temperatures were found for the TMPTO with 0.25 mass% 
of BHT which indicates that synthesized compounds 7c and 
7e showed the higher thermal stability in contrast with the 
base oil TMPTO and standard antioxidant BHT.

It was found in the DSC and TGA results that oxidation 
stability of TMPTO increased significantly in the combi-
nation of compounds 7e and 7c compared to BHT. It was 
reported that the compounds having two or more antioxidant 
functions in one structure can able to exert auto-synergism 
in lubricant oil [11]. Due to the presence of two antioxi-
dant functions (BHA and semicarbazone function) in the 

Fig. 4   Temperature ramping 
DSC analysis for the TMPTO 
with 0.25 mass% antioxidants 188
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one structure, the synthesized semicarbazone may able to 
exhibit auto-synergistic effect to protect the oil from pre-
mature oxidation. But the OIT of compounds 7a and 7a′ 
obtained by programmed temperature DSC didn’t show any 
significant effect in the oxidation stability of lubricant oil. 
So, no antioxidant synergism was observed in the oil oxida-
tion stability test for the compound 7a and 7a′, though it 
showed the highest antioxidant activity in non-enzymatic 
free radical scavenger test DPPH assay (Fig. 1). It was found 
in the literature [37] that the combination of two primary 
antioxidants (phenolic antioxidant and secondary aromatic 
amino antioxidant) exhibits negative synergistic effect in 
the oxidation of lubricant oil. Unfortunately, both butylated 
hydroxyphenyl (hindered phenol) and semicarbazone func-
tion (probably aromatic secondary amine) in structure of 
synthesized semicarbazones act as primary antioxidant. This 

may be a probable reason for the lower oxidation stability of 
the synthesized compounds in oil. Interestingly, OIT results 
of compounds 7e, 7c, 7b, and 7g show the better oxidation 
stability in comparison with BHT.

Generally, semicarbazones were reported as neutral tri-
dentate ligand due to the presence of azomethine N and 
carbamoyl O, which can provide the stronger binding abil-
ity to metal ions. So several binding modes can be observed 
if additional coordinating functional group is present in 
the semicarbazone derivatives [38, 39]. Thus, the metal 
ions can easily be deactivated by appropriate semicarba-
zones through the formation of several coordination bond 
between donor atoms and metal ions. Deactivating metal 
ions in the lubricant oil is prerequisite to accelerate the 
oxidation stability since metal ions are very susceptible 
to convert the acid and hydroperoxide into free radicals. 
Therefore, metal deactivators or chelators are one of the 
important antioxidant classes in lubricant additives [40]. 
Generally metal deactivators or chelators deactivated the 
metal ions in lubricant oil which are responsible for accel-
erating oxidation reaction by the production of free radicals 
[41]. Therefore, all chelating metal deactivators contain 
multiple donor atoms which can able to deactivate the 
metal ions by the formation of complex compounds. Thus, 
semicarbazones can act as metal deactivator because of 
having multiple donor atoms. Due to the presence of addi-
tional donor atoms as substituents at N-4 ring of semicar-
bazones, several binding modes of semicarbazones might 
be observed and would be effective metal deactivator. Com-
pounds 7e and 7c was found better oxidative stability in 
TMPTO in DSC experiment, and this may be due to the 
presence of 3-methoxy (7e) and 2,4-di-chlorine (7c) sub-
stituents at N-4 ring of semicarbazones. Thus, methoxy and 
chlorine groups might act as donor atom and their favorable 
position at N-4 ring of semicarbazone structure enhanced 
the metal deactivator properties by the increase in the metal 
binding mode [42, 43] which can be shown in Fig. 9.
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Therefore, incorporation of butylated hydroxyphenyl 
into semicarbazones provided significant free radical scav-
enging properties shown in DPPH results. However, it was 
not observed in differential scanning calorimeter test (oxi-
dation stability) of lubricant oil. However, the presence of 
electron withdrawing substituents or donor atom at N-4 
ring of semicarbazones may increase the metal binding 
mode which would help to efficiently deactivate the metal 
ions in the lubricant oil. Moreover, insertion of suitable 
functional groups at the appropriate position of the N-4 
ring of semicarbazones helps to obtain several metal bind-
ing modes which are very useful to prepare a variety of 
metal complexes with important chemical properties.

Conclusions

In conclusion, two series of semicarbazones bearing 
3,5-di-tert-butyl-4-hydroxyphenyl (7a–j) and 3,5-di-tert-
butyl-2-hydroxyphenyl (7a′–j′) were accessed easily by 
the reaction of substituted semicarbazides with 3,5-di-tert-
butyl-4-hydroxybenzaldehyde and 3,5-di-tert-butyl-2-hy-
droxybenzaldehyde, respectively. Antioxidant evaluation test 
DPPH assay revealed that series 1 (7a–j) exhibited promis-
ing free radical scavenging properties than series 2 (7a′–j′). 
It was discussed that better antioxidant activity of series 1 
was found for the synergistic effect of butylated hydroxy-
phenyl and semicarbazones functions, while the formation 
of hydrogen bond lowers antioxidant activity of series 2 
(7a′–j′). Compounds 7a, 7b, 7c, 7e, 7g, 7a′ and BHT were 
separately blended with trimethylolpropane trioleate in 0.25 
mass% to carry out the oxidation stability test by differential 
scanning calorimeter. And compounds 7e, 7b, 7c showed 
the better oxidative stability of synthetic lubricant oil. The 
probable reason was concluded that incorporation of elec-
tron withdrawing group (3-methoxy and 2,4-di-chloro) at 
the N-4 position of semicarbazones (series 1) would make 
efficient metal deactivator or chelator since they can act as 
polydentate ligand because of having multiple donor atom 
in their structure. This DSC results revealed another impor-
tant aspect of semicarbazones that proper modification of 
it can be used in the synthetic lubricant oil as a potential 
antioxidant. Again, it can also be anticipated that the syn-
thesized compounds in this study would provide significant 
pharmacological properties since semicarbazone derivatives 
possess important pharmacophore properties as anticonvul-
sant, anticancer, etc.

Acknowledgements  The authors would like to thank Grand Challenge 
(GC001C-14AET), PPP Grant PG208-2015B and RU2018 provided by 
the University of Malaya and Ministry of Higher Education, Malaysia 
(MOHE) for their cordial support in completing this work.

References

	 1.	 Sies H, Berndt C, Jones DP. Oxidative stress. Annu Rev Biochem. 
2017;86:715–48.

	 2.	 Luo J, Mills K, le Cessie S, Noordam R, van Heemst D. Ageing, 
age-related diseases and oxidative stress: What to do next? Ageing 
Res Rev. 2020;57:100982.

	 3.	 Lobo V, Patil A, Phatak A, Chandra N. Free radicals, antioxidants 
and functional foods: impact on human health. Pharmacogn Rev. 
2010;4(8):118.

	 4.	 Liguori I, Russo G, Curcio F, Bulli G, Aran L, Della-Morte D, 
et al. Oxidative stress, aging, and diseases. Clin Interv Aging. 
2018;13:757.

	 5.	 Aguilar G, Mazzamaro G, Rasberger M. Oxidative degradation 
and stabilisation of mineral oil-based lubricants. In: Mortier RM, 
Fox MF, Orszulik ST, editors. Chemistry and technology of lubri-
cants. Berlin: Springer; 2010. p. 107–52.

	 6.	 Poon J-F, Pratt DA. Recent insights on hydrogen atom transfer 
in the inhibition of hydrocarbon autoxidation. Acc Chem Res. 
2018;51(9):1996–2005.

	 7.	 Bhavaniramya S, Vishnupriya S, Al-Aboody MS, Vijayakumar 
R, Baskaran DJG, Science O, et al. Role of essential oils in food 
safety: antimicrobial and antioxidant applications. Grain Oil Sci 
Technol. 2019;2(2):49–55.

	 8.	 Wu Y, Li W, Zhang M, Wang X. Improvement of oxidative stabil-
ity of trimethylolpropane trioleate lubricant. Thermochim Acta. 
2013;569:112–8.

	 9.	 Pownraj C, Valan Arasu A. Effect of dispersing single and hybrid 
nanoparticles on tribological, thermo-physical, and stability char-
acteristics of lubricants: a review. J Therm Anal Calorim. 2020. 
https​://doi.org/10.1007/s1097​3-020-09837​-y.

	10.	 Khan A, Gusain R, Sahai M, Khatri OP. Fatty acids-derived 
protic ionic liquids as lubricant additive to synthetic lube base 
oil for enhancement of tribological properties. J Mol Liquids. 
2019;293:111444.

	11.	 Nath AR, Yehye WA, Zulkifli N, Johan MR. Ester of thiolated 
butylated hydroxytoluene: potential antioxidant for synthetic 
lubricant oil. Thermochim Acta. 2018;670:7–12.

	12.	 Soleimani M, Dehabadi L, Wilson LD, Tabil LG. Antioxidants 
classification and applications in lubricants. In: Johnson D, edi-
tors. Lubrication tribology, lubricants and additives; 2018. p. 23.

	13.	 Yehye WA, Rahman NA, Ariffin A, Hamid SBA, Alhadi AA, 
Kadir FA, et al. Understanding the chemistry behind the antioxi-
dant activities of butylated hydroxytoluene (BHT): a review. Eur 
J Med Chem. 2015;101:295–312.

	14.	 Stuckey BN. Antioxidants as food stabilizers. Boca Raton: CRC 
Press; 1972.

	15.	 Boulebd H. Comparative study of the radical scavenging behavior 
of ascorbic acid, BHT, BHA and Trolox: experimental and theo-
retical study. J Mol Struct. 2020;1201:127210.

	16.	 Mukhopadhyay AK. Antioxidants-natural and synthetic. Kiel: 
Amani Int’l Publishers; 2006.

	17.	 de Jesus J, Ferreira A, Szilágyi I, Cavalheiro EJF. Thermal behav-
ior and polymorphism of the antioxidants: BHA, BHT and TBHQ. 
Fuel. 2020;278:118298.

	18.	 Nath Pandeya S. Semicarbazone—a versatile therapeutic phar-
macophore for fragment based anticonvulsant drug design. Acta 
Pharm. 2012;62(3):263–86.

	19.	 Liu Z, Wu S, Wang Y, Li R, Wang J, Wang L, et al. Design, syn-
thesis and biological evaluation of novel thieno [3, 2-d] pyrimi-
dine derivatives possessing diaryl semicarbazone scaffolds as 
potent antitumor agents. Eur J Med Chem. 2014;87:782–93.

	20.	 Yogeeswari P, Sriram D, Pandeya S, Stables J. 4-Sulphamoyl-
phenyl semicarbazones with anticonvulsant activity. Il Farmaco. 
2004;59(8):609–13.

https://doi.org/10.1007/s10973-020-09837-y


	 A. R. Nath et al.

1 3

	21.	 Scarim CB, Jornada DH, Machado MGM, Ferreira CMR, dos 
Santos JL, Chung MC. Thiazole, thio and semicarbazone deriva-
tives against tropical infective diseases: chagas disease, human 
African trypanosomiasis (HAT), leishmaniasis, and malaria. Eur 
J Med Chem. 2019;162:378–95.

	22.	 Sarker D, Karim MR, Haque MM, Zamir R, Asraf MA. Cop-
per (II) complex of salicylaldehyde semicarbazone: synthesis, 
characterization and antibacterial activity. Asian J Chem Sci. 
2019:6(4):1–8.

	23.	 Douchez A, Lubell WD. Chemoselective alkylation for diversity-
oriented synthesis of 1, 3, 4-benzotriazepin-2-ones and pyrrolo [1, 
2][1, 3, 4] benzotriazepin-6-ones, potential turn surrogates. Org 
Lett. 2015;17(24):6046–9.

	24.	 Jafri L, Ansari FL, Jamil M, Kalsoom S, Qureishi S, Mirza B. 
Microwave-assisted synthesis and bioevaluation of some semi-
carbazones. Chem Biol Drug Des. 2012;79(6):950–9.

	25.	 Singhal M, Paul A, Singh HP, Dubey SK, Songara RK. Synthesis 
and evaluation of antioxidant activity of semicarbazone deriva-
tives. Int J Pharmaceut Sci Drug Res. 2011;3:150–4.

	26.	 Dutta S, Padhye S, Priyadarsini KI, Newton C. Antioxidant and 
antiproliferative activity of curcumin semicarbazone. Bioorg Med 
Chem Lett. 2005;15(11):2738–44.

	27.	 Singhal M, Paul A, Singh HP. Synthesis and reducing power 
assay of methyl semicarbazone derivatives. J Saudi Chem Soc. 
2014;18(2):121–7.

	28.	 Varatharajan K, Pushparani D. Screening of antioxidant additives 
for biodiesel fuels. Renew Sustain Energy Rev. 2018;82:2017–28.

	29.	 Zhao H, Feng J, Zhu J, Yu H, Liu Y, Shi P, et al. Synthesis and 
application of highly efficient multifunctional vegetable oil addi-
tives derived from biophenols. J Clean Prod. 2020;242:118274.

	30.	 Zhang H-Y, Yang D-P, Tang G-Y. Multipotent antioxidants: from 
screening to design. Drug Discov Today. 2006;11(15–16):749–54.

	31.	 Kato T, Ozaki T, Tamura K, Suzuki Y, Akima M, Ohi N. Novel 
calcium antagonists with both calcium overload inhibition and 
antioxidant activity. 2. Structure-activity relationships of thiazo-
lidinone derivatives. J Med Chem. 1999;42(16):3134–46.

	32.	 Ariffin A, Rahman NA, Yehye WA, Alhadi AA, Kadir FA. 
PASS-assisted design, synthesis and antioxidant evaluation of 
new butylated hydroxytoluene derivatives. Eur J Med Chem. 
2014;87:564–77.

	33.	 Nath AR, Yehye WA. Acid hydrazide: a potential reagent for the 
synthesis of semicarbazones. Synthesis. 2018;50(21):4301–12.

	34.	 Blois MS. Antioxidant determination by the use of a stable free 
radical. Nature. 1958;181(4617):1199–200.

	35.	 Wright JS, Johnson ER, DiLabio GA. Predicting the activity of 
phenolic antioxidants: theoretical method, analysis of substituent 
effects, and application to major families of antioxidants. J Am 
Chem Soc. 2001;123(6):1173–83.

	36.	 Lowe W. Lubricating oil antioxidant additive composition. Google 
Patents; 1979.

	37.	 Rudnick LR. Lubricant additives: chemistry and applications. 
Boca Raton: CRC Press; 2017.

	38.	 Casas J, Garcıa-Tasende M, Sordo J. Main group metal complexes 
of semicarbazones and thiosemicarbazones. A structural review. 
Coord Chem Rev. 2000;209(1):197–261.

	39.	 Enyedy ÉA, Bognár GM, Nagy NV, Jakusch T, Kiss T, Gambino 
D. Solution speciation of potential anticancer metal complexes of 
salicylaldehyde semicarbazone and its bromo derivative. Polyhe-
dron. 2014;67:242–52.

	40.	 Dresel W. Lubricants and lubrication. New York: Wiley; 2007.
	41.	 Waynick JA. The development and use of metal deactivators in the 

petroleum industry: a review. Energy Fuels. 2001;15(6):1325–40.
	42.	 Takao T, Moriya M, Suzuki H. Introduction of a methoxy group 

into a hydrocarbyl ligand derived from a linear alkane on a 
triruthenium cluster via chemical oxidation. Organometallics. 
2007;27(1):18–20.

	43.	 O’Keefe CA, Johnston KE, Sutter K, Autschbach J, Gauvin R, 
Trébosc J, et al. An investigation of chlorine ligands in transition-
metal complexes via 35Cl solid-state NMR and density functional 
theory calculations. Inorg Chem. 2014;53(18):9581–97.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Affiliations

Amit R. Nath1 · Wageeh A. Yehye1 · Mohd Rafie Bin Johan1

 *	 Wageeh A. Yehye 
	 wdabdoub@um.edu.my

1	 Nanotechnology and Catalysis Research Centre 
(NANOCAT), Block 3A, Institute for Advanced Studies, 
University of Malaya, 50603 Kuala Lumpur, Malaysia


	Butylated hydroxy benzylidene ring: an important moiety for antioxidant synergism of semicarbazones
	Abstract 
	Graphic abstract
	Introduction
	Experimental
	General remarks
	Synthesis of 2-((3,5-di-tert-butyl-4-hydroxybenzyl) thio) acetohydrazide (3) and substituted semicarbazides 5a–j

	General procedure for the synthesis of semicarbazones (7a–j and 7a′–j′)
	1, 1-diphenyl-2-picrylhydrazyl (DPPH) assay

	Differential scanning calorimetry (DSC)
	Temperature ramping DSC
	Programmed temperature DSC

	Thermogravimetric analysis (TGA)

	Results and discussion
	Synthesis of BHA incorporated semicarbazones
	Antioxidant activity evaluation by DPPH assay
	Oxidation stability assessment of trimethylolpropane trioleate (TMPTO)

	Conclusions
	Acknowledgements 
	References




