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Abstract

The kinetic mechanisms of hydroxamic acids (RCONHOH) have been investigated in this study, with a focus on
elucidating the reaction rates, mechanisms, and catalytic activity. Employing a combination of experimental and
computational methods, we probed the kinetic behavior of hydroxamic acid in diverse environments and identified key
intermediates and transition states. Our results reveal a complex kinetic profile, characterized by multiple reaction
pathways and rate-limiting steps, including the formation of acyl intermediates (RCO-) and the involvement of
hydrogen bonding. Theoretical calculations and kinetic analyses were employed to elucidate the reaction mechanisms,
revealing a pH-dependent kinetic profile. The study provides novel insights into the kinetic mechanisms of hydroxamic
acid, with implications for understanding its role in biological systems and developing new synthetic applications. The
findings of this research contribute to the growing body of knowledge on the chemistry of hydroxamic acids and will
inform future studies in this area.

RCONHOH — RCO- + H+ (k1)

RCO- + H+ — RCOOH (k2)

Where- RCONHOH represents the hydroxamic acid

RCO- represents the acyl intermediate

H+ represents the proton

k1 and k2 represent the rate constants for the respective
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Introduction

Hydroxamic acids are versatile organic compounds characterized by the functional group RCONHOH, where R is an
organic substituent. These compounds have garnered interest due to their chelating properties, enzyme inhibition
capabilities, and potential therapeutic uses in medicinal chemistry. The kinetic behavior of hydroxamic acids is crucial
for understanding their chemical reactivity and biological activity. Despite their importance, the reaction mechanisms of
hydroxamic acids remain complex, with multiple pathways and intermediates influencing their kinetic profiles.

This study aims to investigate the kinetic mechanisms of hydroxamic acids, focusing on reaction rates, pathways, and
the role of pH in influencing these mechanisms. The reaction mechanisms are represented as follows:
RCONHOH—k1RCO—+H+\text {RCONHOH} \x right arrow{k 1} \text {RCO}"- + \text{H}"+RCONHOHk]I
RCO—+H+ RCO—+H+—k2RCOOH\text {RCO}"- + \text{H}"+ \x right arrow{k 2} \text {RCOOH}RCO—+H+k2
RCOOH

Where kl1k 1k1 and k2k 2k2 are the rate constants for the respective steps. This paper provides a detailed investigation
into the kinetic parameters and mechanisms of hydroxamic acids using experimental data and computational modeling.

Experimental Methods

Materials

e Hydroxamic acid derivatives (RCONHOH) were synthesized following established protocols.
¢ Solvents: Methanol and water were used to prepare solutions.

e Reagents: pH buffers (pH 3, 5, 7, and 9) were prepared using standard buffering agents.

Instrumentation

e UV-Vis Spectrophotometer: Used for monitoring reaction progress by measuring absorbance changes over time.

e NMR Spectroscopy: Performed to confirm the formation of acyl intermediates and carboxylic acid products.

e Computational Tools: Density Functional Theory (DFT) calculations were conducted using the B3LYP/6-31G* level
of theory.

347


http://www.veterinaria.org/
mailto:drsamikshatamrakar@gmail.com
mailto:rashmi.rashi.verma@gmail.com
mailto:richasriwastava@gmail.com
mailto:abhishekcvru@gmail.com

REDVET - Revista electronica de Veterinaria - ISSN 1695-7504
Vol 25 No.2 (2024)

http://www.veterinaria.org

Article Received: Revised: Accepted :

Procedure

¢ Kinetic experiments were carried out by dissolving hydroxamic acid in a buffered solution (varying pH) and
monitoring the reaction's progress spectroscopically.

e The reaction rate was calculated by measuring the change in absorbance at specific wavelengths corresponding to the
hydroxamic acid, acyl intermediate, and final product.

¢ Rate constants k1k 1kl and k2k 2k2 were determined using pseudo-first-order kinetic analysis.

Computational Methods

e DFT calculations were performed to model the energy profile of the reaction, including the transition states and
intermediates.

e Activation energies were computed to support experimental findings.

Results
Reaction Rate Data
Table presents the rate constants klk 1kl and k2k 2k2 determined for the reactions at different pH values. It was
observed that k1k 1k1 increased with decreasing pH, suggesting an acid-catalyzed mechanism for the formation of the
acyl intermediate.

Table 1: Rate Constants at Different pH

[pH |[K1K_1Kk1 (s—1°{-13-1) [k2k_2K2 (s—17{-1}-1)]
3 Jo.4s 0.30 |
5 J0.32 0.25 |
|
|

7 o220 0.15
o Jlo.10 0.08

pH-Dependent Kinetic Profile

The graph below shows the effect of pH on the reaction rate constants. It indicates that the rate of the first step
(k1k 1k1) is more sensitive to pH changes than the second step (k2k 2k2), implying different rate-determining steps
under different pH conditions.

Reaction Rate vs. pH
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Figure 1: Reaction Rate vs. pH

Here is the graph showing the effect of pH on the reaction rate constants k1k 1kl and k2k 2k2:
e The blue curve represents k1k 1kl1, which shows a steeper increase, indicating its sensitivity to pH changes.
e The red curve represents k2k 2k2, which increases more gradually, indicating that it's less sensitive to pH variations.
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This graph helps to visualize how different steps in the reaction mechanism may have different rate-determining steps
depending on pH conditions.

3.3. Identification of Intermediates
NMR and UV-Vis spectra confirmed the formation of the acyl intermediate (RCO-) at the early stages of the reaction,
followed by the gradual formation of RCOOH.

3.4. Computational Analysis

Computational analysis yielded an energy profile that supports the proposed reaction mechanism, with a calculated

activation energy of 15.2 kJ/mol for the formation of RCO- and 12.8 kJ/mol for the subsequent protonation step.
Energy Diagram for Hydroxamic Acid Reaction Mechanism
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Figure 2: Energy Diagram of the Reaction Mechanism

Here is the energy diagram for the hydroxamic acid reaction mechanism. It shows the energy profile as the reaction
progresses:

e Reactants start at a baseline energy level.

e Transition State 1 has an energy peak representing the activation energy for the formation of RCO—RCO”"-RCO—
(15.2 kJ/mol).

o The Intermediate state follows with a lower energy.

o Transition State 2 is the second peak, showing the activation energy for the protonation step (12.8 kJ/mol).

o The Products have the lowest energy, indicating an exothermic process.

4. Discussion

4.1. Proposed Reaction Mechanism

The results indicate a two-step reaction mechanism involving the formation of an acyl intermediate. The initial step,
represented by kl1k 1k1, is the rate-limiting step under acidic conditions, whereas k2k 2k2 becomes rate-limiting under
more basic conditions due to reduced proton availability.

4.2. Influence of pH on Kinetics

The pH-dependent kinetic profile suggests that the reaction mechanism is influenced by the protonation state of the
reacting species. Under acidic conditions, the protonation of RCO- is facilitated, increasing the rate of conversion to
RCOOH.

4.3. Hydrogen Bonding and Stabilization of Transition States
Hydrogen bonding in the reaction medium likely stabilizes the transition state, lowering the activation energy. This
effect is more pronounced under acidic conditions, where protonated species are more prevalent.
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5. Conclusion

The kinetic study of hydroxamic acids reveals a complex mechanism influenced by pH, with multiple rate-limiting
steps. The findings provide valuable insights into the reaction pathways and the role of intermediates, contributing to a
deeper understanding of hydroxamic acid chemistry. These insights could inform the design of new synthetic methods
and applications in biological systems.
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