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Abstract

Phenoxy acetic acid is common reagent which is synthesize by reaction of phenol and
chloroacetic acid. This study underscores the importance of Phenoxy acetic acid deriva-
tives as valuable building blocks for the development of functional molecules with diverse
applications. Here we are utilizing the biowaste derived lignin (BDC) as catalyst. Since
the texture of lignin presents porous surface for reaction with mild acidic nature to occur
and speed up the reaction. The catalyst was isolated and characterized for its surface mor-
phology by BET, SEM analysis. Phenoxyacetic acid (PAA) was synthesized from the reac-
tion of phenol and chloro-acetic acid in presence of lignin catalyst. The reaction obeys the
green protocol performed in water as solvent. It was noted the optimized conditions of
reaction at ambient temperature range of 60-65 °C and 10 mole % of catalyst. The reaction
of phenol with chloroacetic acid under alkaline conditions yielding in the range of 78-
82%. The reaction progress was tracked using thin-layer chromatography (TLC) with a
toluene: methanol (9:1) solvent system. Upon completion of the reaction (typically within
20-40 min), 35% HCI was added to acidify the mixture. The reaction mixture was then
filtered to recover the catalyst, and the resulting filtrate was extracted with benzene. The
extract was subsequently subjected to vacuum distillation to obtain the desired product.
Catalyst plays important role in chemical reaction where rate of reaction depends on the
surface area available at catalyst site.

Keywords: Phenoxyacetic acid; green synthesis; Lignin catalyst; sustainable chemistry;
heterogeneous catalysis

1. Introduction

One of the most common and important chemicals is Phenoxy acetic acid Because
they are widely distributed and widely used as plant growth regulators, phenoxyacetic
acids are extremely significant compounds. Agricultural herbicides containing 2,4-diphe-
noxyacetic acid (2,4-D) are used to control broadleaf weeds on cereal crop farms, as well
as in parks, golf courses, and lawns and pastures. Chlorophenoxyacetic acid (CPA) is uti-
lized in both agricultural and non-agricultural settings around the world to regulate plant
development. It is usually used extensively to eradicate weeds from lawns and cereal
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crops [1,2]. Calculations using AM1-type semiempirical quantum chemistry were per-
formed to explain variations in herbicidal activity among specific compounds of phenox-
yacetic acid. It was discovered that the Phenyl Moiety and the COOH group’s appropriate
orientation and shape both independently and mutually impacted the activities that were
seen [3,4]. Oxidation of Phenoxy acetic acid by acid permanganate in aqueous acetic acid
is always first order. As the concentration of acetic acid rises, the rate increases [5]. Certain
compounds in the pharmaceutical sector show encouraging pharmacological activity,
such as anti-inflammatory, antibacterial, and anticancer qualities. Certain agrochemical
compounds exhibit pesticide and herbicidal properties, supporting crop protection and
pest control tactics [6]. Furthermore, several derivatives in materials science have special
physicochemical characteristics that make them appropriate for use in material engineer-
ing, surface modification, and polymer synthesis [7]. Phenoxyacetic acid is a simple aro-
matic carboxylic acid having the chemical formula CsHsOs that belongs to a crucial class
of organic compounds known for its structural adaptability and extensive range of uses
[8]. Synthesis, Characterization, and Potential Applications of Phenoxyacetic Acids and
Derivatives Synthesizing Phenoxy acetic acids and their derivatives involves several well-
established methodologies, such as esterification and etherification, as well as substitution
reactions [9]. These methodologies allow the addition of diverse functional groups to the
Phenoxy acetic acid scaffold, allowing for customization of molecular properties for spe-
cific applications. Characterization of the synthesized derivatives is essential in order to
understand their structural characteristics and properties. Techniques, such as NMR, IR,
and MS, provide valuable information on chemical composition and molecular structure,
as well as purity [10]. Moreover, in materials science, specific derivatives possess unique
physicochemical properties suitable for applications in polymer synthesis, surface modi-
fication, and material engineering. Phenoxyacetic acid, a simple aromatic carboxylic acid
with the chemical formula CsHsOs, represents a pivotal class of organic compounds re-
nowned for its structural versatility and wide-ranging applications. Initially synthesized
in the late 19th century, its significance has since burgeoned across diverse scientific do-
mains, including pharmaceuticals, agrochemicals, and materials science. The structural
backbone of Phenoxy acetic acid comprises a phenyl ring attached to a carboxylic acid
functional group via an aliphatic ether linkage [11,12]. This molecular architecture confers
unique physicochemical properties that render it amenable to structural modification,
thereby facilitating the synthesis of a myriad of derivatives with tailored functionalities.
Several synthetic pathways have been developed for phenoxyacetic acid and its deriva-
tives, differing in their efficiency, selectivity, and scalability. From classic methodologies
involving etherification and esterification reactions to modern approaches employing
transition metal-catalyzed transformations and green chemistry principles, researchers
have continuously expanded the synthetic toolbox for accessing these compounds. In
pharmaceutical research, phenoxyacetic acid derivatives have attracted considerable in-
terest due to their wide range of pharmacological effects, such as anti-inflammatory, anti-
microbial, and anticancer activities [13,14]. These derivatives serve as key building blocks
for drug discovery and development, offering promising leads in the quest for novel ther-
apeutic agents [15]. Furthermore, in agrochemical applications, certain Phenoxy acetic
acid derivatives exhibit potent herbicidal and pesticidal activities, contributing to crop
protection and agricultural productivity. Their selective targeting mechanisms and envi-
ronmental compatibility make them invaluable components of modern agricultural prac-
tices. Beyond pharmaceuticals and agrochemicals, Phenoxy acetic acid derivatives find
utility in materials science, where they serve as precursors for the synthesis of functional
materials, including polymers, coatings, and surfactants. Their incorporation imparts de-
sired properties such as adhesion, solubility, and thermal stability, thereby expanding the
repertoire of materials available for various industrial applications. In light of their
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multifaceted roles and inherent chemical versatility, Phenoxy acetic acid and its deriva-
tives continue to captivate the interest of researchers worldwide. This introductory over-
view establishes the stage for exploring the synthesis, characterization, and applications
of these compounds, underscoring their significance as indispensable tools in modern
chemistry and beyond.

2. Experimental
2.1. Materials and Methods

The heterogeneous biowaste-derived catalyst (lignin) was synthesized using agricul-
tural residues collected from local farms in the Parola region, Jalgaon District, Maharash-
tra. All chemicals, reagents, and solvents employed were of analytical grade and obtained
from commercial suppliers; they were utilized without any additional purification. Labor-
atory experiments were performed using calibrated borosilicate glassware procured from
Borosil. Throughout the synthesis process, Milli-Q water was used to prevent any poten-
tial contamination.

2.2. Catalyst Preparation and Characterization
Catalyst Preparation from Jowar Waste

Bio-derived carbon (BDC) was synthesized from jowar waste collected from the Jal-
gaon region. The collected waste was first washed with diluted acid to remove inorganic
impurities and then sun-dried for seven days. The dried material was crushed into small
pieces and subjected to pyrolysis under anaerobic conditions. During pyrolysis, the ma-
terial was initially heated at a low temperature under an inert atmosphere, followed by a
gradual increase in temperature up to 450 °C to eliminate volatile compounds. The process
was maintained for 3—4 h before allowing the system to cool naturally to room tempera-
ture. The resulting carbonaceous material was then crushed and sieved using a micro-
filter sieve under a nitrogen atmosphere. The prepared BDC was packed in polyethylene
bags under nitrogen and stored in a cool, dry environment to prevent exposure to air or
moisture. The obtained BDC was subsequently used as a catalyst for phenoxy acetic acid
synthesis without further modification.

Comprehensive physicochemical characterization of the catalyst was performed us-
ing BET, SEM, TEM, XRD, DSC, TGA, ICP, and FT-IR analyses to investigate its structure
and morphology. The pH measurements were recorded using an EQUIP-TRONICS digi-
tal pH meter (Model EQ-610). Transmission Electron Microscopy (TEM) was conducted
on a Hitachi H-7500 microscope operating at 90 kV, while Field Emission Scanning Elec-
tron Microscopy (FE-SEM) images were obtained using a Bruker S-4800 system at an ac-
celerating voltage of 15 kV. Elemental analysis (EDAX) was performed on the same in-
strument under the conditions: image size 500 x 375, magnification 40,000, and HV 15
kV. The crystallographic structure was determined via X-ray diffraction (XRD) using a
Bruker D8 Advance diffractometer equipped with Cu Ka radiation (A = 1.54056 nm) over
a 20 range of 10-70°. Fourier-transform infrared (FTIR) spectra were recorded in the range
of 500-4000 cm™ using a Bruker FTIR spectrophotometer. UV—visible absorbance meas-
urements were obtained at room temperature on a Shimadzu UVmini-1240 spectropho-
tometer using a quartz cuvette. Nuclear Magnetic Resonance (NMR) spectra of the syn-
thesized compound were recorded on a Bruker NMR spectrometer, and mass spectra
were collected using a mass spectrophotometer. The specific surface area was evaluated
through Brunauer—-Emmett-Teller (BET) analysis.
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2.3. General Procedure for the Synthesis of Phenoxyacetic Acid Framework Using Bio-Waste
Derived Lignin-Based Heterogeneous Catalyst

A 50 mL round-bottom flask equipped with a magnetic stirrer and a reflux condenser
was used for the synthesis. Phenol (1.21 g, 0.01285 mol) was dissolved in 4.68 g of 25%
aqueous NaOH solution. To this mixture, chloroacetic acid (1.46 g, 0.01514 mol) dissolved
in 2 g of distilled water was added, and the reaction mixture was initially heated at 40—45
°C. Subsequently, lignin-derived heterogeneous catalyst (0.12 g, 10 mol%) was intro-
duced, and the temperature was raised to 60-65 °C. The reaction was continued until com-
pletion, which was monitored by thin-layer chromatography (TLC) using toluene: meth-
anol (9:1) as the mobile phase. After approximately 15-20 min, the reaction mixture was
filtered to recover the catalyst. The filtrate was extracted with benzene, and the solvent
was removed under reduced pressure using a rotary evaporator to afford the product
(1.28 g, 82% yield). To optimize the yield, parameters such as reaction temperature, reac-
tant molar ratio, reaction time, and catalyst loading were systematically varied. The tem-
perature range studied was 45-55 °C, while the molar ratio of chloroacetic acid to phenol
was varied between 1:1 and 2:1. Reaction times were adjusted between 20 and 80 min, and
catalyst loading was altered from 5 mol% to 15 mol%. TLC (toluene:methanol, 9:1) was
used to monitor reaction progress under each condition. After optimization, subsequent
experiments were performed under the identified optimal conditions (Scheme 1, Table 1).
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Scheme 1. General synthesis of Phenoxy acetic acid derivatives, from chloroacetic acid and Phenol

derivative.

Table 1. Synthesis of different derivatives of Phenoxy acetic acid derivatives, from chloroacetic acid

and Phenol derivative.
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3. Result and Discussion

3.1. Optimization Study

by-products due to prolonged reaction duration, all reactions were monitored using thin-
layer chromatography (TLC) at regular intervals between 10 and 55 min. The optimized
reaction times for each experiment are summarized in Table 2. The primary objective of
the optimization study for the molar ratio was to ensure complete consumption of the
benzaldehyde component. Excess ethyl acetoacetate and urea were removed during the
work-up process. The optimal molar ratio of phenol to chloroacetic acid was determined
to be 1:1.2. The minimum effective dosage of BDC catalyst required for complete reaction
was 10 mol%, as higher catalyst concentrations showed no significant influence on the
reaction progress. Additionally, 5.0 volumes of water were found to be the suitable sol-
vent under the optimized conditions. Table 2 presents the finalized parameters for the
synthesis of the target compounds.

Table 2. Optimum condition for synthesis of Phenoxy acetic acid.

Compound Quantity Quality Potential Mol Wt. Moles Mole Ration

Phenol 121g 99% 120 g 9411  0.01275 1.0

Chloroaceticacid 1.46g 98% 144 ¢ 94.50 0.0153 1.2
BDC 012g 10 Mole %

NaOH 118 g 99% 1.167 g 40 0.02919 2.29
Water 6 mL 5.0 times

3.2. Recovery of BDC

To eliminate BDC from the reaction mixture, magnetic separation was performed,
followed by filtration through a 2.5 cm Hyflow bed. The Hyflow bed was subsequently
rinsed three times with ethanol to minimize yield loss. The separated BDC was regener-
ated using dilute HCl and then washed with water until the mother liquor reached a neu-
tral pH. The regenerated BDC was reused in subsequent cycles. The BDC-free reaction
mass was quenched by slowly adding it to crushed ice over one hour and maintained at
the same condition for an additional hour. The resulting product was extracted with ethyl
acetate, which was later distilled under vacuum to obtain the crude product. Purification
was achieved by leaching the crude material in two volumes of 70% methanol at 65 °C.
Once a clear solution was observed, 2% activated carbon and 0.5% zinc were added, and
the mixture was stirred at 65 °C for one hour before Hyflow filtration. To the clear filtrate,
0.1% HEDP was added, followed by controlled cooling to prevent impurity
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recrystallization. After reaching room temperature, the resulting slurry was further cooled
to 0-5 °C using dry ice. The crystalline product formed was filtered under vacuum and
washed with methanol under a nitrogen atmosphere. Finally, the obtained snow-white
wet powder was dried in a vacuum tray dryer (VID) under nitrogen until the loss on
drying (LOD) was not more than 0.5%.

3.3. Plausible Mechanism

Scheme 2 depicts the proposed reaction mechanism in which phenoxide ion for-
mation using sodium hydroxide facilitates the nucleophilic attack on carbon atom adja-
cent to carbonyl group of chloroacetic acid. Then removal of halogen atom completes the
formation of product. The BDC catalyst provides its surface area and its acidic nature to
complete the reaction.

8 0
OH -B0C
O O' r JL
-H20 _Cle

Scheme 2. Plausible mechanism for Phenoxy acetic acid reaction by using BDC catalyst.

4. Conclusions

The present study successfully demonstrates a green and sustainable approach for
the synthesis of phenoxyacetic acid (PAA) using biowaste-derived lignin as an efficient
heterogeneous catalyst. The utilization of lignin not only provides an environmentally be-
nign alternative to conventional catalysts but also adds value to agricultural and indus-
trial biomass waste. The porous texture and mild acidic nature of lignin significantly en-
hanced the reaction rate and yield, achieving an optimum product yield of 78-82% under
mild reaction conditions (60-65 °C, 10 mol% catalyst). Characterization studies such as
BET and SEM confirmed the suitable surface morphology and porosity of the catalyst,
which facilitated efficient catalytic activity. The reaction, conducted in water as a green
solvent, further reinforces the eco-friendly nature of this protocol. Overall, this work high-
lights the potential of lignin as a renewable, low-cost, and recyclable catalyst for the sus-
tainable synthesis of valuable organic compounds like phenoxyacetic acid, paving the
way for broader applications of biomass-derived catalysts in green chemistry.
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Magnification SEM images of Recover BDC. Synthesis of Phenoxy acetic acid from phenol and chlo-
roacetic acid Figure S5: MASS spectrum of compound 01. Figure S6: 1H NMR spectrum of com-
pound 01. Synthesis of 4-chloroPhenoxy acetic acid from 4-chlorophenol and chloroacetic acid. Fig-
ure S7: MASS spectrum of compound 02. Figure S8: 1H NMR spectrum of compound 02. Synthesis
of (2,4-DichloroPhenoxy) acetic acid from 2,4-Dichlorophenol and chloroacetic acid. Figure S9:
MASS spectrum of compound 03. Figure 510: 1H NMR spectrum of compound 03. Synthesis of
2(2,6-dimethylphenoxy) acetic acid from 2,6-Dimethylphenol, and chloroacetic acid. Figure S11:
MASS spectrum of compound 04. Figure 512: 1H NMR spectrum of compound 04.
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