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Sodium Methyl Paraben (SMP) is the sodium salt of Methyl Paraben.
Published on: 23 Nov 2024 Para-Hydroxybenzoic acid is most common Degradation impurity of Sodium
Methyl Paraben. There are several mechanisms involves the formation of Para-
Hydroxybenzoic Acid (PHBA) as an impurity during Sodium Methyl Paraben
(SMP) synthesis. Mainly Parent paraben readily undergo base-catalyzed
hydrolysis of the ester bond, forming PHBA. Solvent may affect the formation
of PHBA, mainly the role of Methanol.
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INTRODUCTION

Sodium Methyl Paraben (SMP) is the sodium salt of Methyl Paraben, an ester of para-Hydroxybenzoic Acid
(PHBA). SMP is extensively used in pharmaceuticals, cosmetics, and food products due to its antimicrobial properties
and safety profile. However, the presence of PHBA as an impurity during SMP synthesis can compromise product
quality and regulatory compliance. PHBA formation occurs through various mechanisms, including hydrolysis,
catalyst degradation, and thermal decomposition. This study focuses on identifying the sources of PHBA during
synthesis and developing strategies to minimize its levels, ensuring the production of high-quality SMP.
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MATERIALS AND METHODS

Para-Hydroxybenzoic Acid (PHBA), Methanol (analytical grade), Sulfuric Acid (H2SO4) or Hydrochloric
Acid (HCI) as catalysts, Sodium Hydroxide (NaOH), Deionized water.

Methods
Esterification Reaction
The first step in synthesizing SMP is the esterification of Para-Hydroxybenzoic Acid (PHBA) with Methanol.
Para-Hydroxybenzoic Acid + Methanol — Methyl Paraben
C¢H4(OH)COOH  + CH30H — CH3(CsH4(OH)COO)CH3

Basic Chemical Reaction

Step-1
L Lo
T CH,
OH Sulfuric Acid
+ CH=0OH 2>
O
HO OH
| P-Hydroxy Benzoic Acid  + Methanol Methyl Paraben |

Mechanism

Protonation of PHBA: The catalyst (H2SO4 or HCI) protonates the carboxyl group of PHBA, making it more
reactive. Nucleophilic Attack: Methanol attacks the protonated carboxyl group, forming a tetrahedral intermediate.
Elimination: The intermediate eliminates water, forming Methyl Paraben.

Neutralization Reaction
The second step is the neutralization of Methyl Paraben with Sodium Hydroxide.
Requirements

» Methyl Paraben

» Sodium Hydroxide (NaOH)

> Water

»  Methanol
Methyl Paraben + Sodium Hydroxide — Sodium Methyl Paraben + Water
CH3(Cs¢H4(OH)COO)CH3 + NaOH  — CH3(CsH4(OH)COO)Na + H,O

Step-2

o OHCH‘} O~ _OCHj;

+ NaOH — + H,0
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| Methyl Paraben + Sodium Hydroxide —SediumPethyl Paraben + Water |

Mechanism

Deprotonating: Sodium Hydroxide deprotonates Methyl Paraben, forming a carboxylate ion. Ion Exchange:
The carboxylate ion exchanges its methyl group for a sodium ion, forming SMP. The formation of Para-
Hydroxybenzoic Acid (PHBA) as an impurity during Sodium Methyl Paraben (SMP) synthesis involves several
mechanisms:

Hydrolysis

SMP can undergo hydrolysis, especially in the presence of water or moisture, leading to the formation of
PHBA and methanol.
SMP + H,O — PHBA + CH;OH

Parent paraben readily undergo base-catalyzed hydrolysis of the ester bond, forming PHBA. The reaction
occurs under moderately alkaline conditions, specifically when the pH is > 8. This reaction is quite prevalent in
household environments due to the pH range of household wastewater being 6-9 and the prevalent existence of
paraben in cosmetic products. When paraben-containing cosmetic products are discharged into community wastewater
influent, they become exposed to an environment where the pH > 8, and the base-catalyzed hydrolysis of the parent
paraben ensues, forming PHBA.

In the electron transfer mechanism, the pi electrons in the double bond between the oxygen and carbonyl
carbon resonate to the oxygen, leaving a negative charge on the oxygen and a positive charge on the carbonyl carbon.
A hydroxide ion, acting as a nucleophile, attacks the now electrophilic carbonyl carbon, yielding sp3 hybridization on
the carbonyl carbon. The electrons resonate back to form the double bond between the oxygen and the carbonyl carbon.
In order to retain the original sp2 hybridization, the —OR group will leave. The —OR group acts as a better leaving
group than the —OH group due to its ability to maintain a negative charge with greater stability. Lastly, the —OR-,
acting as a base, will deprotonate the carboxylic acid to form a carboxylate anion.

Reverse Esterification
In the presence of water or a strong base, the ester bond in SMP can break, reforming PHBA.
SMP + H,O — PHBA + CH30H

Catalyst-Induced Degradation
Certain catalysts, such as strong acids or bases, can degrade SMP, leading to PHBA formation.
SMP + Catalyst — PHBA + By-products

Thermal Degradation
Elevated temperatures can cause SMP to degrade, forming PHBA and other impurities.
SMP — PHBA + By-products

Impurities in Starting Materials
PHBA can be present as an impurity in the starting materials, such as Methyl Paraben or Para-Hydroxybenzoic Acid.

To minimize PHBA formation

Optimize reaction conditions: Control temperature, pressure, and reaction time. Use high-purity starting
materials: Minimize impurities in Methyl Paraben and Para-Hydroxybenzoic Acid. Select suitable catalysts: Choose
catalysts that promote the desired reaction without degrading SMP. Monitor and control moisture: Minimize water
content in the reaction mixture. Implement efficient purification: Use techniques like recrystallization,
chromatography, or distillation to remove PHBA impurities.

Methanol Role for PHBA Formation

Adding methanol as a solvent to improve liquidity is a common practice in some chemical reactions. For the
synthesis of Sodium Methyl Paraben (SMP), a small amount of methanol can be added to facilitate the reaction.
However, please note that methanol is not a reactant in this synthesis. 10% and 30% Methanol of the total reaction
volume. Getting a better result with 30% methanol and a worse result with 10% methanol for PHBA impurity seems
counterintuitive. Here are some possible explanations:
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Solubility of PHBA

30% methanol might be more effective in dissolving PHBA, allowing for better reaction kinetics and
reducing unreacted PHBA impurities. 10% methanol might not be sufficient to dissolve PHBA fully, leading to
incomplete reaction and higher PHBA impurities.

Reaction Kinetics

The increased methanol concentration (30%) might enhance the reaction rate, reducing the reaction time and
minimizing PHBA impurities. The lower methanol concentration (10%) might result in slower reaction kinetics,
allowing more time for PHBA to remain unreacted.

Catalyst Efficiency

The catalyst might be more efficient in the presence of 30% methanol, facilitating the reaction and reducing
PHBA impurities. The catalyst might be less efficient or even inhibited by the lower methanol concentration (10%),
leading to higher PHBA impurities.

Mass Transfer

The increased methanol concentration (30%) might improve mass transfer between reactants, reducing
PHBA impurities. The lower methanol concentration (10%) might lead to poor mass transfer, resulting in higher
PHBA impurities.

Results
e The use of 30% methanol significantly reduced PHBA levels compared to 10% methanol, enhancing solubility
and reaction kinetics.
e Optimized reaction conditions, including temperature control and catalyst selection, minimized side reactions
leading to PHBA formation.
e Post-synthesis purification effectively reduced residual PHBA, yielding SMP with high purity.

DISCUSSIONS

The study highlights the importance of controlling reaction parameters in SMP synthesis. Methanol
concentration plays a dual role in promoting esterification and suppressing hydrolysis. Catalyst selection and reaction
time also influence impurity levels, with prolonged reactions increasing PHBA formation through degradation.
Purification methods, such as recrystallization, are essential for ensuring product quality, particularly in commercial
applications where regulatory standards mandate minimal impurity levels. The findings underscore the need for a
systematic approach to process optimization in chemical synthesis.

CONCLUSION

The synthesis of Sodium Methyl Paraben (SMP) is highly susceptible to PHBA impurity formation due to
multiple degradation pathways. This study demonstrates that optimizing methanol concentration, reaction conditions,
and purification techniques can effectively control PHBA levels. These findings provide a framework for producing
high-purity SMP, meeting the stringent quality requirements of pharmaceutical and cosmetic industries.
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