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Abstract: This study aims to demonstrate a simple and rapid “green” method for the ultrasound-assisted
synthesis of t-aliphatic esters by reacting t -butanol with saturated (capric, lauric, palmitic) and
unsaturated (oleic and undecylenic) acids. The spectral characterization of esters was performed by IR
and NMR spectroscopies. The impact of ultrasonic irradiation on the reaction in comparison with the
conventional method was analyzed based on the reaction time and the yield of the resulting esters. After
spectroscopic studies, the synthesis of the corresponding esters after the ultrasound-assisted irradiation
was proven. The yields of the t-butyl fatty acid esters increased between 2 and 10% in comparison with
the conventional method for their synthesis. It was also established that the application of ultrasonic
irradiation intensifies the esterification process significantly compared to the conventional method. The
advantages of the ultrasound-assisted esterification include shortening the reaction time; the process is
carried out at room temperature instead of at the conventional reaction temperature 67-70°C. The
application of ultrasonic-assisted irradiation for esterification is a suitable and promising method to
reduce energy consumption, shortening the reaction time, and increasing the yield of t -butyl fatty acid
esters.
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1. Introduction

Fischer esterification is a process that requires boiling a reflux condenser of the mixture
of alcohol and fatty acid in a strong acid (often 10% H2SOs) [1, 2]. In many reactions, the
heating continues for hours, and the temperature can be reached within several hours. High
temperatures and prolonged heating can lead to the formation of by-products and breakdown
of unsaturated fatty acids. To avoid these deficiencies, in recent years, esterification has been
aided by the application of ultrasonic effects.

W. Steglich offers a simple method [3] for the synthesis of tert-butyl esters and DMAP
catalyst (4-N, N-dimethylaminopyridine). The preparation of tertiary esters is hampered by the
spatial interference of the methyl groups. In addition, with prolonged heating and the presence
of strong acid as a catalyst, the yield of ester decreases significantly because tert-BuOH tends
to lose water and becomes isobutene.

Palmitate ester of L-ascorbic acid was synthesized by esterification in the presence of
conc. H2SO4as solvent and catalyst by US at 25 kHz [4].
https://biointerfaceresearch.com/ 6829
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Primary alcohol esters are synthesized by transesterification of sucrose with aliphatic
esters and ultrasound. It is noteworthy that the reaction is selective, and only the monoester is
obtained [5]. Described is the development of a new synthetic method using ultrasonic
irradiation and sodium methoxide as a catalyst for a series of pyridinic sucrose esters (py-SES),
derived from transesterification of sucrose with picolinic, nicotinic and isonicotinic methyl
esters [6].

The effect of ultrasonic energy is also used in the synthesis of carbohydrate esters, such
as sucrose and raffinose esters. Octa-O-acetylsucrose was synthesized by the esterification of
sucrose with acetic anhydride using US energy [7]. Raffinose fatty acid monoesters were
synthesized by acylation of raffinose with aliphatic methyl esters under ultrasound energy [8].

Undecylenic acid and their esters have a variety of biologically active properties.
Perlman, back in 1949, suggests the use of undecylenic acid as a therapeutic agent for psoriasis,
neurodermatitis, and related arthropathies. However, undecylenic acid and its salts are used as
topical agents for the treatment of various fungal skin infections. Undecylenic acid is an oil-
soluble, unsaturated fatty acid, which is usually obtained by the thermal conversion of castor
oil derived from castor oil. In nature, traces of undecylenic acid are found in human tears and
hair.

Undecylenic acid products have been used by Yong and co-authors in the preparation
of preparations that improve the intratumoral distribution of anticancer agents, with
significantly improved stability under physiological conditions. Its methyl and ethyl esters are
used in the perfumery, zinc salts have an antimitotic effect, and sucrose esters — antimicrobial
[9-11].

The industrial application of biodiesel has prompted in-depth study and the application
in the production of methyl and ethyl esters of higher fatty acids by transesterification of
triglycerides. [12] These reactions are made easy only with primary alcohols. Similar
conditions have been used by Hanh et al. [13] for the synthesis of sucrose esters.

Synthesis of biodiesel from a non-edible source as Pistacia khinjuk seed oil via
ultrasonic cavitation (UC) system was reported by Saira Asif [14].

Possibilities for the application of ionic liquids in sonochemistry have been studied [15,
16].

The synthesis of esters of secondary alcohols by transesterification of palm oil and
isopropyl alcohol by sonochemistry requires a long time (6 hours) in acidic media. Esters of
primary alcohols can be obtained by direct esterification with ultrasonic irradiation. For
example, Hobuss et al. [1] and Pacheco, B et al. [17], synthesized esters by treating mixtures
of methanol and ethanol with caprylic, capric, lauric, myristic and palmitic acids with
ultrasound (20 kHz) for 15-30 min. obtaining amounts of esters comparable and, in some cases,
higher than those obtained by conventional esterification for 120 minutes.

Ultrasound has been found to influence the rate of chemical reactions in solution
through the cavitation process and the generation of microbubbles. This process is
characterized by the formation, growth, and implosive disintegration of gas bubbles in the
solution. Inside cavitation bubbles, it has been found that pressure and temperature reach high
values - according to Mason and Peters [18] in cavitation bubbles, the temperature can reach
up to 1000 K and hundreds of atmospheres of pressure. At the same time, the temperature of
the acoustic medium as a whole rises from 20 to 30-35° C, as opposed to the high temperature
in conventional synthesis. Obviously, a lower temperature will determine a higher value of the
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equilibrium constant of esterification, leading to an increase in the amount of the end product
- the ester.

The method we suggest features a short process time and low temperature, which allows
the synthesis of undecylenic esters of secondary and tertiary alcohols in high yield, without
side colored and isomeric products, while preserving the location of the double bond, which is
the carrier of biological activity.

The use of principles of “green” chemistry like ultrasound and microwave energy in
modern technologies is widespread - in organic synthesis and modification of organic
compounds, for the degradation of environmental pollutants, in medicine, etc. [19-24]

The research into the use of the ultrasonic power in the synthesis of esters is promising
in organic synthesis. Its effect on the esterification process in the preparation of aliphatic esters
of short-chain and medium-chain fatty acids has not yet been sufficiently studied. [25-27]

The purpose of this study is to obtain tertiary aliphatic esters by reacting t-butanol with
capric, lauric, palmitic, undecylenic, and oleic acids. The yield of the esters obtained was
studied by comparing the conventional method and the ultrasonic method.

2. Materials and Methods
2.1. Reagents and apparatus.

All reagents used are an analytical grade. An ultrasonic bath (Dimoff A-2/2, Bulgaria)
with 100W generator power and 44 kHz operating frequency was used for the synthesis. A
circulation thermostat was used to maintain the temperature regimes of the synthesis. The IR
spectra of the esters were recorded on a Nicolet Avatar IR (FT Thermo Scientific, USA) in a
KBr tablet in the range of 4000 to 500 cm™. The *H and 3C NMR spectra were recorded on a
Bruker 500 MHz spectrometer using a solvent CDsCl and an internal TMS standard.

2.2. Conventional synthesis.

t-butanol (0.5 mol) was placed in a 300 ml Erlenmeyer flask, 2 mmol conc. H2SOa4
added as a catalyst, followed by the addition of 4 mmol of the corresponding fatty acid (capric,
lauric, palmitic, oleic, and 10-undecylenic acid).

The flask was connected to a reflux condenser with water cooling and heat at boiling.
After 120 min, the reaction mixture was cooled to room temperature and poured into 100 mli
of distilled water. A three-fold extraction with 50 ml of hexane was performed. The combined
hexane layer was washed with 10% Na2COsand dried with anhydrous Na2SO4. Then the hexane
was distilled. The ester obtained was separated, and the yield was determined by weight.

2.3. Ultrasound-assisted synthesis.

t-butanol (0.5 mol) was placed in a 300 ml Erlenmeyer flask, 2 mmol conc. H2SOa4
added as a catalyst, followed by the addition of 4 mmol of the corresponding fatty acid (capric,
lauric, palmitic, oleic, and 10-undecylenic acid).

The flask was connected to a reflux condenser with water cooling, and it was placed in
an ultrasonic bath. The irradiation continues for 15 min at room temperature. After completion
of the reaction, the alcohol was distilled in a vacuum, and 20-30 ml of distilled water was added
to the residue. The extraction was carried out three times, with 50 ml of hexane each.
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The combined hexane extracts were washed with 10% Na2COsz and dried with
anhydrous Na2SOs4, after which the hexane was distilled. The ester obtained was separated, and
the yield was determined by weight.

t -butyl caprate - 15 mg in 0.6 ml CHCI3, *H NMR (500 MHz, CDCls) § 2.36-2.33 (t,
2H), 1.66 — 1.60 (m, 2H), 1.37 — 1.21 (m, 21H), 0.89 — 0.87 (t,3H). 3C NMR (126 MHz,
CDCl3) 6 173.47, 79.93, 35.65, 34.05, 31.86, 29.71, 29.45, 29.39, 29.31, 29.27, 29.24, 29.10,
29.06, 29.04, 28.12, 25.13, 24.68, 22.66, 14.10.

t -butyl laurate - 10 mg in 0.6 ml CHCIs, *H NMR (500 MHz, CDCls) § 2.36-2.33(t.
2H), 1.66-1.60 (m, 2H), 1.44- 1.26 (25H), 0.89- 0.87 (t. 3H). 3C NMR (126 MHz, CDCls) &
179.56, 33.96, 31.91, 29.59, 29.43, 29.33, 29.24, 29.06, 28.12, 24.69, 22.69, 14.11.

t -butyl palmitate - 20 mg and 0.6 ml of CHCI3, *H NMR (500 MHz, CDCls) § 2.36-
2.33 (t, 2H), 1.66 — 1.60 (m, 2H), 1.44 — 1.26 (m, 33H), 0.89-87 (t, 3H). 3C NMR (126 MHz,
CDCl3) & 172.56, 77.22, 31.93, 29.69, 29.67, 29.64, 29.59, 29.44, 29.37, 29.24, 29.07, 24.69,
22.70, 14.12.

t -butyl-10-undecylenate - 10 mg in 0.6 ml CHCIs, *H NMR (500 MHz, CDCl3) § 5.85-
5.77 (ddt, 1H), 5.01 — 4.91 (m, 2H), 2.30 — 2.27 (t, 2H), 2.05 — 2.01 (m, 2H), 1.63 — 1.58 (m,
4H), 1.42 —1.29 (m, 14H), 0.95 — 0.92 (m,3H). °C NMR (126 MHz, CDCl3) § 174.03, 139.18,
114.13, 64.11, 34.40, 33.78, 30.71, 29.29, 29.20, 29.13, 29.05, 28.89, 25.01, 19.15, 13.71.

t -Butyl oleate - 10 mg in 0.6 mL CHCls, *H NMR (500 MHz, CDCls) § 5.34 (dt, 2H),
2.34 (t, 2H), 2.01 (dd, 4H), 1.62 (d, J = 7.3 Hz, 2H), 1.32 (dd, J = 57.3, 35.5 Hz,29H), 0.87 (d,
J=7.0 Hz, 3H).

3. Results and Discussion

Saturated and unsaturated fatty acid t-Bu esters were synthesized: t-butyl caprate, t-
butyl laurate, t-butyl palmitate, t-butyl-10-undecylenate and t-butyl oleate. The obtained t-butyl
oleate and t-butyl undecylenate are colorless liquids, while the rest are white solid waxy
substances. The yields of the obtained esters in conventional and ultrasonic are presented in
Table 1.

Table 1. Effect of conditions (type) of synthesis, reaction time, and yield of esters obtained.

Ester Yield,%

Conventional synthesis Ultrasound synthesis
t-Butyl caprate 80+0,2 85+0,2
t-Butyl laurinate 75+0,2 85+0,2
t-Butyl palmitate 80+0,2 87+0,2
t-Butyl undecylenate 750,2 79+0,2
t-Butyl oleate 78+0,2 80+0,2

The results presented in Table 1 showed that the synthesized esters were produced in
high yield, the synthesis is carried out by ultrasonic action, and the reaction time was also
significantly reduced from 120 minutes to 15 minutes.

The spectra highlight several areas typical of esters. Fig. 1 shows the IR spectra of the
synthesized esters by ultrasound. The characteristic band at 1743 cm™ due to the valence
vibrations (vC=0) of the ester was clearly visible in the spectra of the synthesized esters.

An increase in the intensity of symmetric and asymmetric valence vibrations was
observed at 2857-2945 cm typical of the methylene groups of the alkyl chain.

The IR spectra of t-Bu undecylenate and t-Bu oleate contained the typical features of

the synthesized ester bands described so far - a decrease in the intensity of 3300 cm™ with the
https://biointerfaceresearch.com/ 6832
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appearance of a peak at about 1743 cm™ ! which is typical of v (C=0), but others appear, too.
The detection of strips at 3000-3075 cm™ v (=C-H) and 1641 cm™v (C=C) was evidence of a
double bond at the terminal olefin, which confirmed the attachment of the undecylenic chain
(C11:1 (10)), as well as maintaining its stability during synthesis.
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Figure 1. FT-IR spectrum of synthesized t-butyl esters of higher fatty acids - capric (1), lauric (5), palmitic (3),

10-undecylenic (4), and oleic (2).

In *H NMR spectra of the synthesized esters, typical bands were observed. The methyl
groups of the aliphatic chain were appeared at 0.99 ppm and those of the t-butyl residue - at
1.49 ppm. The methylene groups were clearly outlined as triplets and multiplets in the range
of 1.30 to 2.36 ppm. The presence of a band for the methylene group to an ester at 2.36 ppm
was proof of the successful synthesis. Bands at 4.99 and 5.65 ppm (figure 2) at t-butyl
undecylenate proved the presence of CH=CH: protons, while a signal for CH=CH protons at
5.47 ppm was observed in the spectrum of t-butyl oleate. (Figure 3).
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Figure 2. *'H NMR spectrum (500 MHz, CD3Cl) of t-butyl undecylenate in the range 4.8-6 ppm.
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Saturated and unsaturated fatty acid t-Bu esters were synthesized: t-butyl caprate, t-
butyl laurate, t-butyl palmitate, t-butyl-10-undecylenate and t-butyl oleate. The obtained t-butyl
oleate and t-butyl undecylenate are colorless liquids, while the rest are white solid waxy
substances. The yields of the obtained esters in conventional and ultrasonic are presented in
Table 1.
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Figure 3. 1H NMR spectrum (500 MHz, CDsCl) of t-butyl oleate in the range 5.28-5.42 ppm.

The signals of a carbonyl carbon atom at 172.83 ppm, for a tertiary carbon atom at
81.62 ppm, and for methyl groups at 28.3 ppm (at a tertiary C atom), and 14.02 ppm (from the
aliphatic acid chain) were observed in the collected spectral data on 3C NMR. Unsaturated t-
butyl esters show signals at 130.72 ppm (for t-butyl oleate) typical of the -C=C- group and two
signals in the t-butyl undecylenate spectrum at 115.35 ppm (=CH-) and 139.0 ppm (CH2=).

In our previous research study [28] has been conducted for the antimicrobial activity of
10-undecylenic esters. Antimicrobial properties of the 10-undecylenic esters revealed that most
of the esters had insignificant antibacterial activity. A promising antifungal potential is
demonstrated by t-butyl-10-undecylenate.

In this regard, the remaining t-butyl esters also have the potential for future antifungal
agents, part of which activity is a research process.

4. Conclusions

As a result of the application of ultrasound, the corresponding esters were obtained in
the process of esterification of t-butanol with fatty acids (saturated and unsaturated). A
significant reduction in the reaction time was achieved compared to the conventional method
(from 2 hours to 15 min); at the same time, the process was carried out at room temperature
rather than at 67-70° C, resulting in a reduction in energy consumption. The yield of the
obtained products was increased by between 2 and 10% compared to the conventional method.
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The use of ultrasonic technology in esterification was an appropriate and promising
method to decrease energy consumption, reduce reaction time, and increase the yield of the
products obtained.

The obtained esters can be successfully used as potential antifungal agents for various
pharmaceutical products, food packaging, and plant protection products.
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