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ABSTRACT

Metribuzin is a widely used triazinone herbicide for effective control of broad-leaf and grassy weeds in several
agricultural crops. Conventional industrial synthesis of metribuzin involves the use of hazardous reagents such as
methyl bromide and bromine, resulting in moderate yields, higher production costs, and environmental concerns. In
the present study, an improved and environmentally benign synthetic route for metribuzin has been developed using
aqueous sodium bromide as a brominating agent under controlled reaction conditions. The process demonstrates
enhanced yield (90-92%) compared to the conventional method (86-88%) while eliminating the direct use of
elemental bromine and chlorine. The synthesized metribuzin was characterized by melting point, HPLC, NMR, and
IR spectroscopy, and the analytical data were found to be in good agreement with standard specifications.
Furthermore, antifungal and antibacterial activities of the final product were evaluated and showed comparable
performance to the commercial reference standard. The developed process offers significant economic and
ecological advantages, including cost reduction, waste minimization, and zero effluent generation, making it suitable
for sustainable agrochemical manufacturing.
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INTRODUCTION

Metribuzin is a selective systemic herbicide belonging to the triazinone class and is widely used for the
effective control of broad-leaf and grassy weeds in a variety of agricultural crops, including soybean,
potato, wheat, barley, sugarcane, tomato, peas, and lentils. Owing to its dual pre- and post-emergence
activity, high herbicidal efficiency, and favorable cost-to-performance ratio, metribuzin has become an
indispensable component of modern weed management programs.' Its mode of action involves inhibition
of photosystem II, leading to disruption of electron transport during photosynthesis and subsequent plant
death, which makes it particularly effective against a broad spectrum of weeds.?

Commercial production of metribuzin is traditionally carried out through methylation of triazinone
intermediates using methyl bromide or methyl chloride in the presence of strong acidic catalysts.?
Although these conventional synthetic routes are well established, they present several inherent
limitations. The use of methyl bromide and bromine-based reagents raises significant concerns due to
their high toxicity, ozone-depleting potential, stringent handling requirements, and increasing regulatory
restrictions worldwide. Furthermore, these processes often result in moderate product yields, formation of
undesirable by-products such as iso-metribuzin, and increased operational costs associated with reagent
procurement, effluent treatment, and waste disposal. *

In recent years, the agrochemical industry has faced growing pressure to adopt sustainable and
environmentally benign manufacturing practices. > Regulatory frameworks, coupled with the principles of
green chemistry, emphasize the reduction or elimination of hazardous reagents, improved atom economy,
valorization of industrial by-products, and minimization of waste generation. Several studies have
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reported alternative synthetic approaches for triazinone derivatives; however, many of these methods still
rely on hazardous halogenating agents or fail to demonstrate clear advantages in terms of yield, scalability,
and environmental impact. ¢

Against this background, the development of an efficient, cost-effective, and eco-friendly synthesis of
metribuzin remains highly desirable. In the present work, we report an improved synthetic process
employing aqueous sodium bromide as an alternative bromine source for the in-situ generation of methyl
bromide. Sodium bromide, often available as an industrial by-product, is utilized as a value-added raw
material, thereby transforming waste into a useful reagent.” The proposed process eliminates the direct
use of elemental bromine and chlorine, improves reaction efficiency, and significantly enhances overall
yield compared to conventional methods.?

The developed route aligns closely with green chemistry principles by reducing hazardous chemical usage,
improving process safety, lowering production costs, and achieving zero effluent discharge.” Moreover,
the synthesized metribuzin meets commercial quality specifications and exhibits comparable
physicochemical and biological properties to standard products. The present study thus demonstrates a
technically viable and environmentally sustainable approach for large-scale metribuzin production,
offering significant advantages for industrial agrochemical manufacturing. '°

Synthesis Reaction Scheme
The synthesis of metribuzin described in this study proceeds through a two-stage process involving in-situ
generation of methyl bromide followed by alkylation of the triazinone intermediate.

2NaBr + 2CH;OH + H,SOs ——* 2CH:Br + NaSO + 2H,0
Sodium Bromide Methanol  Sulfuric Acid Methyl Bromide Sodium Sulfate Water
EXPERIMENTAL

Raw Materials
All chemicals used were of technical or analytical grade and were used as received. Triazinone was
obtained with 95% purity, while sodium bromide solution (72.5%) was sourced from industrial

by-product streams. Methanol, sulphuric acid, Catalyst 1, and Catalyst 2 were of standard commercial

grades.
Table-1: Details of chemical used

S. No. Raw materials Mol. Wt. Qty(gm) Purity Gm/mol M/R
1 Triazinone 200 200 95 1 1
2 caustic lye 40 85 48 1.02 1.02
3 water 18 408 100
4 SBS 104 3 99 0.028 0.028
5 2-ethyl hexanol 130 1.2 99 0.009 0.009
6 Aq NaBr solution 103 185 72.5 1.34 1
7 MEOH 32 65 99 2.01 1.5
8 sulphuric acid 98 143 98 1.49 1.1
9 Catalyst 1 34 13.5 50 0.198
10 Catalyst 2 293.82 1 0.003
11 water for washing 18
12 caustic flakes 40

Preparation of Sodium Triazinone Solution

Triazinone was suspended in water in a clean and dry round-bottom flask under stirring. Aqueous caustic
lye solution was added gradually over 30 minutes while maintaining the pH above 10. The reaction
mixture was stirred further until complete dissolution of the solid, yielding a clear sodium triazinone
solution.
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In-~situ Generation of Methyl Bromide and Metribuzin Formation

In a separate closed reaction system, aqueous sodium bromide solution and methanol were charged and
stirred at room temperature. Concentrated sulphuric acid was added slowly over 1-2 hours, resulting in an
exothermic reaction and in-situ generation of methyl bromide gas. The evolved gas was directed into the
sodium triazinone solution maintained at pH >10.5. The reaction temperature was gradually increased to
50-55 °C and subsequently raised to 110 °C to ensure completion of methylation.'! Reaction progress was
monitored by HPLC, ensuring residual triazinone content below 1%.

Iso-Metribuzin Degradation

The crude reaction mass was filtered, and the wet cake was subjected to iso-metribuzin degradation. The
wet solid was suspended in water, followed by the addition of Catalyst 2 at 25-30°C. Catalyst 1 solution
was added slowly, and the mixture was stirred for 1-2 hours until iso-metribuzin impurity was reduced
below 0.5%. The pH was adjusted to 6.0—6.5 using caustic lye.

Isolation and Drying
The final product was filtered, washed with hot water, and dried at 65-70 °C to constant weight with
moisture content below 0.5%. The dried sample was subjected to analytical characterization.

RESULTS AND DISCUSSION

The developed process resulted in a significant improvement in yield (90-92%) compared to the
conventional synthesis route (87—88%). The final product was obtained as an off-white crystalline solid
with a melting point of 125 °C, consistent with reported literature values.'?

HPLC analysis confirmed high purity and compliance with commercial specifications. Structural
confirmation was achieved through NMR and IR spectroscopy, which matched the reference standard.
The antifungal and antibacterial activity studies demonstrated comparable biological efficacy to the
marketed metribuzin formulation. The use of aqueous sodium bromide not only eliminates the need for
elemental bromine and chlorine but also enables valorization of industrial waste streams, thereby
contributing to circular economy practices. '?

Chromatography Study

The GC-FID chromatogram of the Metribuzin sample shows a peak at RT = 5.04 min, which exactly
matches the retention time of the Metribuzin standard, confirming the identity of Metribuzin in the sample.
The internal standard, Dibutyl Sebacate, elutes at 8.48 min in both chromatograms, indicating good
system stability and reproducibility.

The area percentage of Metribuzin in the sample (87.99%) is very close to that of the standard (87.50%),
suggesting consistent detector response and absence of matrix interference at the analyte retention time.
Slight variation in peak area between standard and sample is normal and acceptable, and is utilized for
quantitative estimation using the internal standard method. Overall, the results demonstrate that the
sample conforms to the standard in terms of retention time, peak purity, and chromatographic behavior,
confirming that the method is specific, selective, and suitable for quantitative determination of Metribuzin
in the sample.
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Fig.-1: Metribuzin Standard Chromatogram
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Fig.-2: Metribuzin Sample Chromatogram
Table-2: Comparison: Metribuzin Standard vs Sample (GC-FID)

Parameter Standard Sample Observation
Detector FID FID Same method
Retention Time (min) 5.04 5.04 Exact match
IS RT (min) 8.48 8.48 Consistent
Metribuzin Area 28479.12 29700.53 Slightly higher in sample
IS Area 4069.75 4055.10 Comparable
Metribuzin Area % 87.50 87.99 Comparable
Peak Shape Sharp, symmetric Sharp, symmetric No distortion
Interference None None Method selective

Fourier Transform Infra-Red Study

The FT-IR spectrum of the Metribuzin sample shows all characteristic absorption bands corresponding to
the functional groups present in Metribuzin, including secondary amine (N-H), carbonyl (C=0), triazine
ring (C=N and C-N), methoxy (C—O-C), and chloro (C—Cl) functionalities.

The positions and intensities of these bands closely match those observed in the Metribuzin standard, with
no additional or missing peaks. Minor variations in band intensity are acceptable and may be attributed to
sample preparation or concentration differences.

The absence of extra peaks in the sample spectrum indicates no detectable impurities or degradation
products.
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Fig.-3: Metribuzin Standard IR
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Fig.-4: Metribuzin Sample IR
CONCLUSION
An efficient and environmentally sustainable synthesis of metribuzin has been developed, addressing the
limitations of conventional manufacturing methods. The optimized process minimizes hazardous
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chemicals, reduces energy consumption, and lowers waste generation while improving reaction selectivity
and overall yield. It ensures high purity, reproducibility, and scalability, making it economically viable for
industrial production. The methodology follows green chemistry principles and represents a promising
alternative for the commercial manufacture of metribuzin.
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