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Abstract
Carvacrol is a well-known antioxidant found in the extract of various angiospermic plants. The purpose of present 

research is to synthesize new carvacrol derivatives associated with heterocycles namely 1,3,4-thiadiazole and 
1,3,4-oxadiazole to explore their extraordinary potential in medicine and agriculture. Structures of newly synthesized 
compounds were confirmed by spectroscopic techniques such as FT-IR, 1H and 13C NMR and LC-MS. Finally, 
synthesized derivatives were evaluated for their in-vitro antioxidant activity by using radical scavenger DPPH assay. All 
the compounds exhibited remarkable antioxidant activity, out of which compound showed better or similar antioxidant 
activity compared to standard compound ascorbic acid.
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Introduction
Several Reactive Oxygen Species (ROS) are important cellular 

components, enzymatically generated in aerobic living organisms, 
which show significant role in various physiological and pathological 
processes [1,2]. In contrast, the accumulation of excessive ROS, 
mostly due to external influences such as radiation, cigarette smoke, 
ultraviolet light, drugs, pathogens, etc can cause damage upon cellular 
macromolecules like, DNA, proteins and lipids, therefore contributing 
to the development of various diseases such as, atherosclerosis, 
myocardial infarction, ischemia, epilepsy, diabetes mellitus, anemia 
and carcinogenesis [3-5]. To overcome this, investigates aimed 
at the synthesis of new antioxidants with better properties from 
a pharmacological point of view have been performed [6] have 
synthesized of 1,3,4-oxadiazoles containing 4-(methyl sulfonyl) benzyl 
moiety and evaluated their in-vitro antioxidant activity [7]. Similarly, 
have reported that 1,3,4-oxadiazole tagged thieno [2,3-d] pyrimidine 
derivatives having significant radical scavenger activity [8].

 The prevalent existence of the heterocycles in bioactive natural 
products, drugs, and agrochemicals has made them as important 
synthetic targets [9]. Five-membered heterocyclic compounds; 
oxadiazoles and thiadiazoles have attracted significant interest in 
medicinal chemistry, pesticide chemistry, polymer sciences, material 
science and they are the building blocks of new molecular systems for 
biologically active molecules [10]. The Nitrogen-oxygen heterocycles 
are also of synthetic interest as they constitute an important class of 
natural and non-natural products and many of them exhibit useful 
biological activities [11,12]. 1,3,4-oxadiazoles are biologically versatile 
compounds displaying a variety of biological effects which include 
antifungal [13], bactericidal [14], analgesic and anti-inflammatory 
[15]. 1,3,4-thiadiazoles also possess various biological properties 
such as antitumor, anticonvulsant, antihypertensive, anesthetic, 
antibacterial and cardiotonic activities [16-18]. Carvacrol (5-isopropyl-
3-methylphenol) is a major constituent of oregano oil [19]. Likewise, 
the phenolic monoterpenoids found in essential oils of many plants 
also possess different biological activities [20,21]. Therefore, we 
choose carvacrol as starting material for our research. Keeping in 
view the importance of oxadiazole and Thiadiazole in biology, and in 
continuation of our ongoing research on biologically active molecules, 
we have prepared oxadiazole and thiadiazole derivatives of naturally 
occurring phenolic antioxidant [22,23]. In this regard, it is important 
to search for and synthesize new classes of compounds that have 
antioxidant properties.

Experimental
Melting points of all the synthesized compounds were determined 

by open capillary method. The reaction was monitored by ascending 
thin layer chromatography (TLC) and was performed on 200 µm thick 
aluminum sheets having silica gel 60 F254 as adsorbent. The solvent 
system used for developing the TLC plate was hexane and ethyl acetate 
(3:1). Spots were visualized under UV-light. 1H nuclear magnetic 
resonance (1H NMR) and 13C NMR spectra were scanned at 400 MHz 
and 100 MHz respectively on Varian Mercury YH-300 FT NMR in 
DMSO-d6. Chemical shift values (δ) are given in parts per million (ppm).

The antioxidant activity of the synthesized compounds was 
performed by 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical 
scavenging assay [24]. All the well characterized derivatives of carvacrol 
were dissolved to prepare a stock solution of 1 mg/mL using DMSO. 
Fifty microliter solutions of the compounds were added to 1 mL of a 0.1 
mM solution of DPPH in methanol. After 2 h, absorbance values were 
measured at 517 nm. Ascorbic acid was used as standard.

Synthesis

The synthesis of the compounds was carried out according to 
the procedure outlined in Scheme 1. Firstly, carvacrol (Figure 1) was 
converted to its 4-nitroso derivatives (Supplementary Figures 1 and 2) 
by treating ethanolic solution of phenol with concentrated hydrochloric 
acid and sodium nitrite at 0°C [25]. The nitroso compound was reduced 
in an ammonical solution by passing H2S gas [26]. The 4-aminophenol 
(Supplementary Figure 3) prepared according to Scheme 1 was further 
reacted with acetic anhydride to form acetamide (Supplementary Figure 
4) derivative [27]. Acetamide was treated with ethyl-bromoacetate to
obtain ester type compound (Supplementary Figure 5) [28] and further 
converted to their hydrazide compound (Supplementary Figure 6) by 
reported methods [29].
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General procedure for synthesis of potassium-2-(2-(4-
acetamido-5-isopropyl-2-methylphenoxy) acetyl) hydrazine 
carbodithiaoate

The recrystallized product of hydrazide (0.0035 moles) in the 
absolute ethanol (50 ml) was transferred to a conical flask and this 

reaction mixture was kept in ice bath on magnetic stirrer, care was 
taken to keep the temperature below 0°C for 1 hr. To this reaction 
mixture KOH (0.0071 moles) was added and it was further stirred 
vigorously for 10 min. Then CS2 (0.0071 moles) was added drop by 
drop after 5-10 min interval. After 1 hr. excess amount of CS2 was 
added and then precipitate formed is nothing but the hydrazine salt. 

Scheme 1: Reaction program.

Figure 1: In vitro antioxidant activity of synthesized compounds by using DPPH radical scavenging assay (where Std (AA): ascorbic acid).
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The whitish colored salt is filtered off and dried under UV light [30] 
(Supplementary Figure 7).

General procedure for synthesis of N-(2-isopropyl-4-((5-
mercapto-1,3,4-thiadiazol-2-yl)-5-methoxy)-5-methylphenyl) 
acetamide

The dry and pure product of hydrazide salt is taken in the round 
bottom flask and the cold conc. H2SO4 at 5°C is poured in the round 
bottom flask. This reaction mixture was stirred on magnetic stirrer at 
room temperature for about 5-6 hrs. Thereafter the reaction mixture 
was poured in a beaker containing crushed ice and stirred vigorously 
for 5-10 min. The pink colored product formed is filtered off and 
washed with cold water and dried in UV light [30] (Supplementary 
Figure 8).

General procedure for synthesis of N-(2-isopropyl-4-((5-
mercapto-1,3,4-oxadiazol-2-yl)-5-methoxy)5-methylphenyl) 
acetamide

The dry and pure product of hydrazide salt is placed in round 
bottom flask and NaOH solution was added into it. This reaction 
mixture was stirred on magnetic stirrer for about 5-6 hrs. After 5-6 
hrs. the stirring was stopped and this reaction mixture was poured in 
beaker containing crush ice pieces and stirred for 5-10 min. to solidify 
the product. This product is filtered out and washed with cold water 
and dried in UV light [30] (Supplementary Figure 9). 

Results and Discussion
In-vitro antioxidant activity

Antioxidant activity of organic molecules is related to their electron 
or hydrogen atom donating ability to DPPH radical, so that they become 
stable diamagnetic scaffolds. The interaction of synthesized compounds 
with stable DPPH free radical indicates their free radical scavenging 
ability. The reduction ability of DPPH radicals was determined by decline 
in their absorbance at 517 nm enthused by antioxidants [31]. Majority 
of the tested compounds in these series showed good interaction with 
the DPPH radical at l mg/mL concentration. The scavenging effects 
of all the synthesized compounds on DPPH radical are presented as 
% inhibition in (Supplementary Figure 1). DPPH radical scavenging 
activity of the synthesized compounds exhibited outstanding results 
as compared to the standard Ascorbic acid. Maximum DPPH radical 
scavenging activity was observed in compounds (Supplementary 
Figures 8 and 9) (89.98 and 94.52%) which is higher or comparable with 
standard antioxidant ascorbic acid (94.03%) at the same concentration. 
It appears that compounds (Supplementary Figures 1, 4 and 6) are also 
significant scavengers of the DPPH radical with % inhibition (63.67%, 
64.03%, 67.21% respectively). In Antioxidant results showed that good 
efficacy and derivatization of the parent compound has resulted in 
good antioxidant efficacy.

Conclusion
In conclusion, we have achieved a convenient protocol for the 

synthesis 1,3,4-thiadiazole and oxadiazole incorporated carvacrol 
moiety in good yield and evaluated their in vitro antioxidant activity by 
using DPPH radical scavenger assay. Our antioxidant screening results 
indicate that exciting DPPH radical scavenging activity was observed 
in compounds (Supplementary Figures 8 and 9) in comparison with 
standard ascorbic acid. The lead compounds emerging with the most 
potent antioxidant activity in this study (Supplementary Figures 8 
and 9) will be further structurally modified towards the discovery of 
a compound with optimal antioxidant activity. These results may also 

provide some significance guidance for the development of new class 
antioxidant.
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