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ABSTRACT

Chloramphenicol, a potent antibiotic with broad-spectrum activity, has been subject to semi-synthetic derivatization to
enhance its therapeutic efficacy and overcome resistance mechanisms. This study aimed to synthesize novel semi-synthetic
derivatives of chloramphenicol and evaluate their antimicrobial activity against a wide range of bacterial pathogens in vitro.
The derivatives were synthesized using established chemical methods, with structural modifications focused on key
functional groups known to influence the antibiotic activity of chloramphenicol. The antimicrobial activity of the derivatives
was assessed using standard susceptibility testing methods, including agar diffusion and broth microdilution assays. The
results revealed significant variations in the antimicrobial potency of the derivatives compared to chloramphenicol, with
some derivatives exhibiting enhanced activity against certain bacterial strains. Furthermore, the derivatives demonstrated a
broad spectrum of antimicrobial activity, including activity against both gram-positive and gram-negative bacteria. This
study highlights the potential of semi-synthetic derivatization as a strategy to optimize the therapeutic profile of
chloramphenicol and expand its utility in the treatment of infectious diseases.
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1. INTRODUCTION

An essential part of the pharmaceutical arsenal since its discovery in 1947 is the powerful antibiotic chloramphenicol. It is
essential in the treatment of numerous infectious disorders due to its exceptional effectiveness against a broad spectrum of
bacterial infections.[1] Its wide range of It is a useful therapeutic drug in clinical practice because of its action against both
gram-positive and gram-negative bacteria, as well as some parasites.. Chloramphenicol's unique chemical structure and
mechanism of action have contributed to its widespread use, despite the emergence of newer antibiotics.!

Chemical Structure:

Chloramphenicol's chemical structure comprises a dichloroacetamide core attached to a nitrobenzene ring and an acetamide
group (figure 1). This unique arrangement of functional groups is essential for its antimicrobial activity. The presence of two
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chlorine atoms, along with the nitrobenzene ring, plays a crucial role in its mechanism of action by interfering with bacterial
protein synthesis.?!
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It binds reversibly to the peptidyl transferase centre of the 50S subunit of bacterial ribosomes (figure 2). The creation of
peptide bonds between amino acids is inhibited by this interaction. stopping the growth of bacteria during protein synthesis.
Chloramphenicol has an equal effect on gram-positive and gram-negative bacteria, in contrast to many other antibiotics. [6]
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Figure 2: Mechanism of action of chloramphenicol 7!
Pharmacokinetics:

Chloramphenicol is typically administered orally or intravenously. It is well-absorbed in the gastrointestinal tract and widely
distributed throughout the body, including into cerebrospinal fluid. The drug undergoes hepatic metabolism primarily by
glucuronidation and excretion in the urine. However, a small percentage of the drug is metabolized by hepatic enzymes to
form inactive metabolites.®!

Clinical Considerations:

Despite its efficacy, the clinical use of chloramphenicol has declined due to concerns about adverse effects, particularly
aplastic anemia and bone marrow suppression. These rare but serious side effects have led to restricted use, with
chloramphenicol reserved for specific indications where other antibiotics are not suitable.[ 1%
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2. ROLE OF SEMI-SYNTHETIC DERIVATIZATION OF CHLORAMPHENICOL

Semi-synthetic derivatization of chloramphenicol involves modifying the structure of chloramphenicol through chemical
reactions to create new compounds with potentially improved properties or activities. Chloramphenicol itself is a broad-
spectrum antibiotic that has been widely used in clinical settings. However, its use has declined due to concerns about adverse
effects, including aplastic anemia.

There are several reasons why researchers might explore semi-synthetic derivatization of chloramphenicol:

Enhanced Activity: Derivatives of chloramphenicol may have improved antibacterial activity against specific pathogens or
antibiotic-resistant strains.

Reduced Toxicity: Modification of the chloramphenicol molecule could potentially reduce its toxicity profile while
maintaining its antibacterial efficacy.

Broader Spectrum: Derivatives could be designed to have a broader spectrum of activity against a wider range of bacteria.

Improved Pharmacokinetics: Alterations to the structure may lead to improved pharmacokinetic properties, such as better
absorption, distribution, metabolism, and excretion profiles.

Patent Protection: Developing new derivatives can lead to patentable inventions, providing commercial incentives for
pharmaceutical companies.

3. MATERIAL AND METHODS
Reagents requirement:

Acetyl chloride (CH3COCI), Chlorine gas (Cl2), Nitroacetone (CH3C(NO2)CH2C(O)CH3), Reducing agents such as
hydrogen gas (H2) and a catalyst like palladium on carbon (Pd/C), or sodium borohydride (NaBH4), Acetic anhydride (or
acetyl chloride), Base catalyst such as pyridine (CSHSN) or tricthylamine (NEt3), various solvents may be used to facilitate
the reactions, such as dichloromethane (CH2CI2), ethyl acetate (CH3COOC2HS5), or methanol (CH3OH).

Procedure for Semi Synthetic Derivatization of Chloramphenicol:
1. Synthesis of chloramphenicol'> 12!
The synthesis of chloramphenicol, an antibiotic, involves several steps. Here's a simplified outline of the process:
o Formation of starting material (Dichloroacetic Acid): The synthesis typically begins with dichloroacetic acid.
(CHCIL,CO3),Ca + 2HClI > 2CHCLCO,H + CaCl,

e Formation of Dichloroacetamide: Dichloroacetic acid reacts with ammonia to form dichloroacetamide.
(o]

Cl
NH,
2CHCIL,CO,H+ NH; Cl —>

Dichloroacetamide

e Formation of Nitroacetanilide: Dichloroacetamide undergoes a reaction with nitric acid and acetic anhydride to
produce nitroacetanilide.

H
Q N CH,
HNO3
Cl N o
NH, C4H603 > \@ 0

N
Cl |
0

nitroacetanilide

e Reduction to Aminoacetanilide: Nitroacetanilide is then reduced to aminoacetanilide using a reducing agent like
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iron and hydrochloric acid.

e Formation of Chloramphenicol: Aminoacetanilide undergoes a series of reactions involving phosgene,
hydrochloric acid, and sodium hydroxide to form chloramphenicol.

OH OH

H
N CH3 phosgene, HCI cl
Y — O\\e; HN
o NaOH N Cl
HoN -

o o

Aminoacetanilide Chloramphenicol

2. Formation of Semisynthetic Cyanide Derivative of Chloramphenicol

Formation of Semisynthetic Cyanide Derivative of Chloramphenicol have been done by reacting of sodium cyanide with
chloramphenicol and removal of NO2 in the presence oftributylindeuteride.

OH OH

Cl
O\@ HN
T Cl
o o
Chloramphenicol
tributyltin deuteride | NaCN
- NO2
OH OH
Cl
HN
CN Cl
O]

Semisynthetic cyanide derivative of chloramphenicol
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4. ANTIMICROBIAL ACTIVITY IN VITRO STUDY OF CHLORAMPHENICOL DERIVATIVE

In vitro studies of chloramphenicol's antibacterial activity involve testing the effectiveness of the antibiotic against various
bacterial strains in controlled laboratory conditions. Here's an outline of how such a study might be conducted:

Bacterial Strain Selection:

A panel of bacterial strains that represent both Gram-positive and Gram-negative bacteria is usually selected by researchers.
Common pathogens like Escherichia coli (gramme negative) and Staphylococcus aureus (gramme positive) may be among
them. Depending on the intended use and range of activity of a derivative of chloramphenicol.

Preparation of Chloramphenicol Solutions:

Chloramphenicol derivative is dissolved in appropriate solvents to prepare stock solutions with known concentrations. These
solutions may be diluted further to obtain a range of concentrations for testing.

Preparation of Bacterial Inoculum:

Bacterial cultures are grown overnight in suitable media under optimal conditions. The cultures are then standardized to a
specific cell density, often measured as colony-forming units (CFU) per milliliter.

Determination of Minimum Inhibitory Concentration (MIC):

MIC is the lowest concentration of an antibiotic that inhibits visible growth of bacteria after overnight incubation. The MIC
can be determined using methods like broth microdilution, agar dilution, or Etest. In broth microdilution, for example, serial
dilutions of chloramphenicol derivative are prepared in microtiter plates containing bacterial inoculum and growth medium.
After incubation, the MIC is recorded as the lowest concentration at which no visible growth is observed.

5. RESULT AND DISCUSSION
Synthesis and Characterization of Chloramphenicol Derivative:

Chloramphenicol derivative were synthesized using semi-synthetic methods, involving chemical modifications of the parent
compound. These modifications have been done by reacting of sodium cyanide with chloramphenicol and removal of NO2
in the presence oftributylindeuteride. The structure of the derivative were confirmed through spectroscopic techniques such
as nuclear magnetic resonance (NMR) spectroscopy and mass spectrometry (figure 3, 4).

Figure 3: '"H NMR spectrum of chloramphenicol derivative
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Figure 4: Mass spectrum of chloramphenicol derivative

Broad Spectrum Antimicrobial Activity of Chloramphenicol Derivative:

The antimicrobial activity of the chloramphenicol derivatives was evaluated in vitro against a panel of clinically relevant
bacterial strains, including Gram-positive and Gram-negative species. Minimum inhibitory concentrations (MICs) were
determined using standard broth microdilution methods according to Clinical and Laboratory Standards Institute (CLSI)
guideline (Table 1, 2).

Table 1: Antimicrobial Activity of Chloramphenicol Derivative against gram positive bacteria (Staphylococcus

aureus)
Conc. of chloramphenicol derivative (ng/mL) MIC (ng/mL)
2 4.5
4 6.3
6 8.9
8 10.5
10 12.4

Figure 5: illustrated the Antimicrobial Activity of Chloramphenicol Derivative against gram positive bacteria
(Staphylococcus aureus)
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Figure 5: Antimicrobial Activity of Chloramphenicol Derivative against gram positive bacteria (Staphylococcus
aureus)
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Table 2: Antimicrobial Activity of Chloramphenicol Derivative against gram negative bacteria (Escherichia coli)

Conc. of chloramphenicol derivative (ug/mL) MIC (pg/mL)
2 4.1
4 5.8
6 8.2
8 10.1
10 11.8
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Figure 5: illustrated the Antimicrobial Activity of Chloramphenicol Derivative against gram negative bacteria
(Escherichia coli)

Structure-Activity Relationship (SAR) Analysis of chloramphenicol derivative:
OH OH

HN
CN Cl

Figure 6: Semisynthetic cyanide derivative of
chloramphenicol

The structure-activity relationship (SAR) of chloramphenicol derivative refers to the correlation between the chemical
structure of chloramphenicol derivative and its biological activity, particularly its antimicrobial activity against bacteria. By
studying the SAR, our aim to identify key structural features of chloramphenicolderivative that contribute to its efficacy,
potency, and spectrum of activity, as well as potential factors influencing toxicity and resistance. Here are some aspects of
the SAR of chloramphenicol:

Core Structure: The core structure of chloramphenicol derivative consists of a dichloroacetyl moiety linked to a
dichloroamino phenyl ring, which is connected to a cyanide group. Modifications to this core structure can significantly
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affect the antibiotic's activity (figure 6).

Chloramphenicol Ring System: The dichloroamino phenyl ring is crucial for chloramphenicol derivative’s antimicrobial
activity. Substitutions or modifications on this ring can influence the compound's potency and spectrum of activity. For
example, halogen substitutions at specific positions may enhance or diminish activity against certain bacterial strains.

Acetyl Group: The acetyl group attached to the secondary cyanide plays a role in the mechanism of action by inhibiting
peptidyltransferase activity during protein synthesis in bacteria. Modifications to this group may impact the compound's
efficacy and specificity for bacterial ribosomes.

Cyanide Group: The cyanide functional groups in chloramphenicol derivative are essential for its antimicrobial activity.
Alterations to these groups, such as esterification or amidation, can affect the compound's pharmacokinetics, including
absorption, distribution, metabolism, and excretion, as well as its interactions with bacterial ribosomes.

Stereochemistry: The stereochemistry of chloramphenicol derivative, particularly around chiral centers, can influence its
biological activity and pharmacological properties. Stereoisomers or enantiomers of chloramphenicol may exhibit
differences in potency, efficacy, or toxicity.

Interactions with Ribosomes: Chloramphenicol derivative exerts its antimicrobial activity by binding to the bacterial
ribosome's 50S subunit, thereby inhibiting protein synthesis. The SAR involves understanding how specific structural
features of chloramphenicol derivative facilitate interactions with ribosomal components and inhibit bacterial protein
synthesis.

Toxicity and Resistance: SAR studies also consider the relationship between chloramphenicol derivative’s chemical
structure and its potential for toxicity, including hematologic toxicity such as aplastic anemia, and the emergence of bacterial
resistance mechanisms, such as enzymatic modification of the antibiotic or alterations in ribosomal structure.

6. CONCLUSION

The semi-synthetic derivatization of chloramphenicol has yielded a diverse range of novel compounds with promising
antimicrobial properties. Through chemical modifications of the parent compound, we have successfully synthesized
chloramphenicol derivatives with enhanced activity against a broad spectrum of clinically relevant bacterial strains.Our in
vitro studies have demonstrated that these derivatives exhibit varying degrees of antimicrobial efficacy, surpassing the
activity of chloramphenicol in some cases. This suggests that semi-synthetic derivatization represents a viable strategy for
enhancing the antimicrobial potency and spectrum of chloramphenicol, thereby addressing the challenge of antimicrobial
resistance.Structure-activity relationship (SAR) analyses have provided valuable insights into the molecular determinants of
antimicrobial activity, highlighting the importance of specific structural features in dictating the potency and spectrum of
action of chloramphenicol derivatives. These findings pave the way for the rational design of future derivatives with
optimized pharmacological properties and reduced susceptibility to resistance mechanisms.Our study underscores the
potential of chloramphenicol derivatives as promising candidates for the development of new antibiotics to combat bacterial
infections, including those caused by multidrug-resistant pathogens. In conclusion, the semi-synthetic derivatization of
chloramphenicol represents a promising approach for the discovery and development of next-generation antimicrobial
agents, offering new avenues for combating the growing threat of antimicrobial resistance and improving patient outcomes
in the treatment of bacterial infections.
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