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ABSTRACT

Ciprofloxacin is a second-generation fluoroquinolone antibiotic
widely used in the treatment of Gram-negative and selected
Gram-positive bacterial infections. It has global clinical
importance and inclusion in the World Health Organisation
Model List of Essential Medicines. Ciprofloxacin continues to
be manufactured extensively as a generic active pharmaceutical
ingredient (API). The development of efficient, scalable, and
impurity-controlled synthetic routes remains a major focus in
pharmaceutical process chemistry. This review provides a
comprehensive comparative analysis of reported synthetic
methodologies for ciprofloxacin, encompassing classical batch
processes, modified Gould-Jacobs strategies, nucleophilic
aromatic  substitution  pathways, boron-chelate-mediated
synthesis, solid-phase approaches, and modern continuous-flow
techniques. Each route is critically evaluated with respect to
key reaction steps, operational conditions, vyield, purity,
scalability, and environmental impact. Comparative assessment

highlights the advantages and limitations of traditional

multistep syntheses versus emerging streamlined and flow-based processes. Recent

continuous manufacturing strategies demonstrate improved efficiency, reduced reaction

times, and enhanced sustainability compared with conventional batch methods. Overall, this

review aims to provide an integrated perspective to guide rational route selection, process
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optimisation, and future development of greener and economically viable ciprofloxacin API

manufacturing.

KEYWORDS: Ciprofloxacin; Fluoroquinolones; API synthesis; Process chemistry;

Continuous flow synthesis.

1. INTRODUCTION

Ciprofloxacin is a second generation member of the fluoroguinolone class of antibiotics,
distinguished by a 4-oxo-3-carboxylic quinolone scaffold substituted with a fluorine atom at
the C-6 position and a piperazinyl group at C-7. These structural modifications play a crucial
role in enhancing cellular uptake, inhibition of bacterial DNA gyrase, and broad spectrum
antibacterial activity against Gram-negative bacteria and selected Gram-positive
organisms.!*? In addition, the presence of a cyclopropyl substituent at the N-1 position
contributes to improved binding affinity toward DNA gyrase and expanded antimicrobial
potency, while the C-7 piperazinyl moiety further refines Gram-negative coverage,
pharmacokinetic behaviour, and target interactions without markedly increasing lipophilicity
or toxicity.*!

Following its patenting by Bayer in 1983 and subsequent approval by the U.S. Food and
Drug Administration in 1987, ciprofloxacin rapidly achieved global clinical acceptance and
emerged as one of the most extensively prescribed fluoroquinolones for both community
acquired and nosocomial infections.”! The drug exhibits strong, concentration dependent
bactericidal activity against a broad array of pathogens, including members of the
Enterobacteriaceae family such as Escherichia coliand non-fermenting organisms
like Pseudomonas aeruginosa, often at low minimum inhibitory concentrations. Importantly,
ciprofloxacin also maintains clinically meaningful efficacy against methicillin

susceptible Staphylococcus aureus and other Gram-positive bacteria.l®”

From a therapeutic perspective, ciprofloxacin is a versatile systemic antibacterial agent
administered orally or intravenously for the management of complicated and uncomplicated
urinary tract infections, lower respiratory tract infections including inhalational anthrax
related disease gastrointestinal infections such as typhoid fever, and deep-seated skin, bone,
and joint infections that require effective tissue penetration.®°% Its mechanism of action
involves interaction with bacterial DNA gyrase and topoisomerase IV at the enzyme DNA

cleavage complex, resulting in stabilization of the cleaved DNA state and inhibition of strand
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relegation. This disruption halts DNA replication, induces double-strand breaks, interferes

with SOS repair mechanisms, and ultimately leads to rapid bacterial cell death.™*!

Ciprofloxacin is listed in the World Health Organization (WHO) Model List of Essential
Medicines and is produced worldwide as a generic active pharmaceutical ingredient (API),
resulting in sustained global demand and large scale manufacturing. As a result, the
development of efficient, economical, and quality controlled synthetic processes is essential
to maintain affordability, ensure bioequivalence among generic formulations, and guarantee
consistent access, particularly in low and middle income regions.[? The production of high
quality ciprofloxacin APl requires rigorous control of impurities, as process related
byproducts and degradation impurities can adversely affect drug potency, increase toxicity,
and cause non-compliance with pharmacopeial standards, thereby impacting clinical safety

and effectiveness.*34

OH

Figure No. 1: Structure of ciprofloxacin.

The synthesis of ciprofloxacin is inherently complex, involving multiple reaction steps and
photolabile intermediates that necessitate stringent process control. Even minor changes in
synthetic pathways or reaction conditions can substantially alter impurity profiles, product
yield, purity, and environmental impact. Over the years, ciprofloxacin manufacturing
approaches have progressed from traditional batch processes to modern continuous flow
technologies, enabling higher yields (approximately 60-91%), improved scalability, and
shorter reaction times through telescoped reaction sequences. Optimization strategies have
included the selection of alternative starting materials such as 2,4,5-trifluorobenzoyl chloride,
modification of reaction order (acylation followed by amination), variation of cyclization
bases including DBU and TBAOH, and replacement of conventional solvents like acetonitrile

with greener options such as 2-methyltetrahydrofuran or DMSO.
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A comparative assessment of representative synthetic methodologies, including Lin’s ultra-
fast 9-minute continuous flow process yielding approximately 60% and Armstrong’s scalable
continuous manufacturing strategy achieving 94% product purity, highlights key differences
in efficiency, cost, scalability, and environmental sustainability relative to conventional batch
production. Such comparative analyses are essential for informed route selection, process
optimization, and guiding future research and development efforts toward sustainable and

economically viable ciprofloxacin manufacturing.[*>®

2. METHODOLOGY

This work was conducted as a comparative analytical review aimed at assessing and
contrasting different synthetic routes reported for the synthesis of ciprofloxacin. A structured
and systematic strategy was applied to identify, evaluate, and compare protocols documented
across both traditional and recent literature in synthetic chemistry. The key methodological

steps followed in this review are summarized below.

2.1. Literature review

A comprehensive survey of the published literature was performed using major scientific
databases, including PubMed, ScienceDirect, Scopus, SpringerLink, and Google Scholar.
Search terms such as ciprofloxacin synthesis, ciprofloxacin preparation and reaction
optimization were applied to retrieve relevant studies. Only publications providing explicit
experimental information such as the reagents employed, reaction conditions, duration, yield,
and purity were considered for inclusion. To enable a thorough comparison, both

conventional synthetic methods and more recent advanced approaches were analysed.

2.2 Data Extraction and Protocol Categorization

The selected ciprofloxacin synthesis methods were organized into distinct categories
according to the nature of the starting materials, the strategy used for quinolone ring
cyclization, and the sequence of amination steps involved in core formation. A total of ten
representative synthetic routes were examined, covering traditional batch based procedures,
acylation followed by amination pathways, base-mediated intramolecular cyclization
employing reagents such as DBU or TBAOH, C-7 piperazine substitution reactions, solid
phase synthesis, and advanced continuous flow manufacturing processes. Additional
variations arising from the use of different fluorinated benzoyl intermediates, solvent choices,
and processing technologies were incorporated to facilitate a comprehensive comparison. For

each synthetic approach, key experimental parameters including reaction conditions,
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mechanistic features, intermediate profiles, product yield, purity, and scalability were

systematically collected and assessed.

2.3 Comparative Analysis Framework

To enable a standardized and objective comparison, an evaluation matrix was developed to
assess each ciprofloxacin synthetic route based on relevant process parameters. These
included the nature of key starting materials and reagents, cyclization and amination
strategies involved in quinolone core formation, reaction mechanisms and critical steps,
operating temperature and reaction time, overall yield and product purity, impurity profile,
and potential for green chemistry implementation with respect to solvent selection, waste
generation, and reagent toxicity. In addition, industrial feasibility, scalability, and process

robustness were considered to assess the suitability of each route for large scale manufacture.

2.4 Data Validation and Synthesis

Wherever possible, reported values were cross verified from multiple sources. |If
discrepancies existed, averages or ranges were considered. Graphical illustrations and
reaction schemes were drawn using MolView and ChemDraw, while comparative data were

made in table format for better understanding.

2.5 Scope and Limitations

This methodological analysis does not include pilot scale or commercial production data.
Instead, it focuses on laboratory-scale procedures and published protocols. Economic
analyses (cost per gram, energy use) were beyond the current review's scope and are

suggested for future exploration.

3. Different synthetic routes of ciprofloxacin

Synthetic route-: Preparation of ciprofloxacin from 2,4,5-trifluoro benzoyl chloride and
amino acrylate by original method formulated by Bayer!!"8:

Procedure

The synthesis of ciprofloxacin is initiated by charging dimethylaminoacrylate (35.8 g) and
triethylamine (27.3 g) into toluene (50 mL), followed by the controlled dropwise addition of
2,4,5-trifluorobenzoyl chloride (24.3 g) at 50°C over a period of 30 minutes. The reaction
mixture is then maintained at 50-55°C with continuous stirring for 1 hour to ensure
completion of the acylation step. Subsequently, glacial acetic acid (17.3 g) and

cyclopropylamine (15.5 g) are introduced slowly while the temperature is regulated between
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30 and 36 °C. After stirring for an additional hour, the inorganic salts formed during the
reaction are removed by extraction with water (100 mL). The organic layer is then
concentrated under reduced pressure using a water-pump vacuum at 40 °C, affording 81.5 g
of ethyl 2-(2,4,5-trifluorobenzoyl)-3-(cyclopropylamino)acrylate as an oily intermediate. This
intermediate is subsequently dissolved in N-methylpyrrolidone (250 mL) and heated in the
presence of potassium carbonate (48.4 g), with the temperature gradually raised from 90 to
120 °C. After 2 hours, piperazine (86 g) is added, and the reaction mixture is stirred at 80-90
°C for 1 hour. The reaction mass is then diluted with water (150 mL), followed by the
addition of sodium hydroxide (20 g), and maintained at 70 °C for a further 1 hour.
Subsequent dilution with additional water (500 mL) facilitates the removal of trace insoluble
impurities by filtration. The pH of the clear solution is adjusted to 7.5 using half-concentrated
hydrochloric acid, after which the mixture is cooled to 0-5 °C. Upon standing for 2 hours,
ciprofloxacin precipitates as a solid, which is collected by suction filtration, washed twice

with water (200 mL each), and dried overnight under vacuum to yield the final product.
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Synthetic route-2: Preparation of ciprofloxacin from 1-(4-Chloro-2-cyclopropylamino-5-
[17,19,20]
e.

fluoro-phenyl)-ethanone and dimethyl carbonat
Procedure

The synthetic sequence commences with the generation of a reactive carbonate species by
treating sodium hydride (0.70 g) in tetrahydrofuran (30 mL) with dimethyl carbonate (1.58
g), which is introduced at 20-25°C over a period of 5-6 minutes. The reaction temperature is
subsequently elevated to 60-65°C, and the mixture is stirred for 20 minutes to ensure
complete activation. To this system, a solution of 1-(4-chloro-2-cyclopropylamino-5-
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fluorophenyl)ethanone (1.0 g) dissolved in tetrahydrofuran (200 mL) is added at 60-65°C
over 10 minutes. The reaction mixture is then maintained at 60-65 °C under stirring for 3
hours to facilitate cyclization. Upon completion, the reaction mass is cooled to 0-5°C,
followed by the controlled addition of a DMF-DMS complex (3.5 g) at the same temperature
over 5 minutes. The mixture is stirred at 0-5 °C for 1 hour and subsequently heated to 50-55
°C, where it is maintained for 4 hours to drive the reaction to completion. After cooling the
mixture to 25-30 °C, the reaction is quenched into ice water (50 mL) and extracted with
dichloromethane (2 x 20 mL). The combined organic layers are washed with water (20 mL),
dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to
afford 1.0 g of 7-chloro-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3-carboxylic
acid methyl ester. In the subsequent transformation, piperazine (86 g) is introduced to the
reaction mass, and the mixture is stirred at 80-90 °C for 1 hour. The reaction is then diluted
with water (150 mL), followed by the addition of sodium hydroxide (20 g), and the
temperature is maintained at 70 °C for an additional hour. Further dilution with water (500
mL) allows for the removal of trace insoluble impurities by filtration. The pH of the resulting
solution is carefully adjusted to 7.5 using half-concentrated hydrochloric acid. Upon cooling
the mixture to 0-5 °C and allowing it to stand for 2 hours, ciprofloxacin precipitates as a
solid. The product is isolated by suction filtration, washed twice with water (200 mL each),

and dried overnight under vacuum to yield the final compound.
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Synthetic route-3: Preparation of ciprofloxacin from 2,4-dichloro-5-fluoro-3-

nitrobenzoyl chloride and methyl 3-dimethylaminoethylacrylate.*”!
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Procedure

The synthetic route toward ciprofloxacin is initiated by combining methyl 3-
dimethylaminoethylacrylate (108 g) and triethylamine (92 g) in toluene (1500 mL), with the
mixture maintained at 70-80 °C. To this solution, a separate solution of 2,4-dichloro-5-fluoro-
3-nitrobenzoyl chloride prepared in toluene (500 mL) is introduced, after which the reaction
mixture is refluxed for 6 hours. Upon completion, the mixture is cooled to ambient
temperature, diluted with water (1.5 L), and the product is extracted into the organic phase.
Removal of the solvent affords 300 g of a crude residue, which is subsequently dissolved in
methanol (1000 mL). Cyclopropylamine (54 g) is then added at 0-10 °C, and the mixture is
stirred at room temperature for 2-3 hours. The resulting solid is collected by filtration and
washed with chilled methanol (200 mL) to yield 240 g of product. A portion of this material
(189 g) is next combined with potassium carbonate (57 g) in dimethylformamide (300 mL)
and heated at 60-70 °C under stirring. After maintaining these conditions for 3 hours, the
reaction mixture is cooled to 15-20 °C and filtered. The solid cake is thoroughly washed with
water to remove inorganic residues, followed by a final wash with methanol (100 mL),
furnishing approximately 170 g of product. Further functionalization is achieved by stirring
50 g of this intermediate with dimethyl sulfoxide (150 mL), piperazine (13 g), and sodium
bicarbonate (13 g) at room temperature overnight. The reaction mixture is poured into water
(400 mL), and the precipitated compound is isolated by filtration, affording a yield of
approximately 55 g. Subsequently, 33 g of this compound is treated with acetic anhydride (70
mL) and methylene chloride (250 mL) and stirred at room temperature overnight. The
reaction mixture is quenched with water, and the product is extracted into methylene chloride.
Evaporation of the solvent yields a light-yellow solid weighing 35 g. Reduction of the nitro
group is accomplished by charging 26 g of this compound together with Raney nickel (25 g)
and methanol (500 mL) into an autoclave, followed by hydrogenation at 20-30 psi for 3-4
hours. Upon cessation of hydrogen uptake, the catalyst is removed by filtration, and
concentration of the filtrate affords the reduced compound as a white solid (22 g).
Diazotization is then performed by dissolving 5 g of the compound in aqueous sulfuric acid
(25 mL of 10%) and cooling the solution to 0-5 °C. A solution of sodium nitrite (0.96 g) in
water (3 mL) is added, and the mixture is stirred for an additional 15 minutes. The resulting
diazonium solution is introduced into aqueous hypophosphorous acid (50 mL of 15%)
maintained at 0-5 °C. After completion of the addition, the reaction mixture is allowed to
warm to 25 °C and is maintained overnight. The mixture is then poured into ice water (100

mL), and the product is extracted into methylene chloride (50 mL). Removal of the solvent
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yields the intermediate in 4.5 g yield. In the final step, this intermediate is treated with
aqueous sodium hydroxide (2 g in 20 mL water) and heated at 70-80 °C for 3 hours. The
resulting solution is cooled to room temperature and neutralized with acetic acid to pH 7.0.
The precipitated solid is filtered and washed with water to afford ciprofloxacin with a yield of
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Synthetic route-4: Preparation of ciprofloxacin from 7-chloro-1-cyclopropyl-6-fluoro-
1,4-dihydro-4-oxo-quinoline-3-carboxylic acid in the presence of FeCl; and

pyridine.!"#

Procedure

Ciprofloxacin is carried out by heating a suspension comprising 7-chloro-1-cyclopropyl-6-
fluoro-1,4-dihydro-4-oxo-quinoline-3-carboxylic acid (100 g), piperazine (81 g), ferric
chloride (5 g), and pyridine (175 mL) to reflux conditions (110-120 °C). The reaction mixture
is maintained at this temperature for 8-12 hours to ensure complete substitution at the
quinolone core. Upon completion, the reaction mass is allowed to cool to 70-80 °C, after
which pyridine is removed completely by vacuum distillation below 80 °C and further
eliminated by co-distillation with water to ensure the absence of residual solvent. Following
solvent removal, water is added and the mixture is cooled to 50-55 °C. At this temperature,
the pH is carefully adjusted to 11.5-12.0 using a 20% aqueous sodium hydroxide solution.
Ethylenediaminetetraacetic acid (EDTA) is then introduced, and the mixture is stirred for 1-2
hours at 50-55 °C before filtration. The pH of the resulting filtrate is subsequently adjusted to

6.8-7.2 and maintained under these conditions for 2 hours at the same temperature, leading to
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precipitation of the product, which is isolated by filtration and washed thoroughly with water.
The wet solid is resuspended in water and heated again to 50-55 °C, after which the pH is
lowered to 4.0-4.5 using acetic acid. The mixture is stirred for 1 hour under these conditions,
followed by the addition of activated carbon (6.8 g) and EDTA (0.046 g). The suspension is
maintained at 50-55 °C for an additional hour to facilitate decolorization and metal ion
scavenging. After filtration to remove the carbon, the pH of the clear filtrate is readjusted to
6.8-7.2 using 20% aqueous sodium hydroxide solution and stirred for a further hour. The
resulting solid is isolated by filtration and washed with water to afford ciprofloxacin.
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Synthetic route--5: Preparation of ciprofloxacin using solid phase synthesis.?*]

Procedure

The solid-phase synthesis of ciprofloxacin is initiated by anchoring 2,4,5-
trifluorobenzoylacetic acid ethyl ester onto p-benzyloxybenzyl alcohol (Wang) resin. This
coupling is achieved by heating the resin and the (3-keto ester in toluene in the presence of a
catalytic amount of N,N-dimethylaminopyridine (DMAP) at 110 °C for 72 hours, resulting in
the formation of a resin-bound P-keto ester. Subsequent modification of the immobilized
intermediate is carried out by treatment with dimethylformamide dimethyl acetal at 25 °C for
18 hours, followed by reaction with cyclopropylamine at the same temperature for 72 hours,
leading to the corresponding resin-bound enamide. Intramolecular cyclization of the enamide

is then induced by exposure to a solution of tetramethylguanidine (TMG) in dichloromethane,
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with the reaction maintained at 55 °C for 18 hours to furnish the resin-bound quinolone
framework. Functionalization at the C-7 position is subsequently achieved by reacting the
immobilized quinolone with piperazine dissolved in N-methylpyrrolidinone (NMP) at 110 °C
for 4 hours, thereby generating the resin-bound ciprofloxacin derivative. Final cleavage from
the solid support is accomplished by treating the resin-bound product with a mixture of
trifluoroacetic acid and dichloromethane at 25 °C for 1 hour, affording ciprofloxacin in its

free form.
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Synthetic route- 6: Preparation of ciprofloxacin from ethyl 1-cyclopropyl-6-fluoro-7-

Ciprofloxacin

chloro-1,4- dihydro-4-oxo-quinoline-3-carboxylate with (1-cyclopropyl-6-fluoro7-chloro-
1,4-dihydro-4-oxo-quinoline-3-carboxylate- ~ O® O%-bis(aceto-O)-boron as a key

intermediate.[?2?4

Procedure

The synthetic sequence begins with the preparation of a boron-complexed quinolone
intermediate. Boric acid (57.2 g, 0.925 mol) and zinc chloride (1.24 g) are combined and
treated with acetic anhydride (300 mL), after which the mixture is stirred at 110 °C for 1.5
hours. Glacial acetic acid (400 mL) is subsequently introduced, and stirring is continued for
an additional hour at the same temperature. After cooling the reaction mixture, ethyl 1-
cyclopropyl-6-fluoro-7-chloro-1,4-dihydro-4-oxo-quinoline-3-carboxylate (200 g, 0.619 mol)
is added at 50-60 °C, followed by the addition of glacial acetic acid (200 mL). The resulting
mixture is maintained under reaction conditions for 5 hours. Upon completion, the reaction
mass is concentrated under reduced pressure, and the resulting oily residue is poured into ice
water (8 L). The precipitated solid is collected by filtration, resuspended in water (3 L),

filtered again, and dried to afford (1-cyclopropyl-6-fluoro-7-chloro-1,4-dihydro-4-oxo-
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quinoline-3-carboxylate-O% 0%)-bis(aceto-O)-boron as a light orange-yellow powder (249 g).
For nucleophilic substitution, a portion of this boron complex (12.3 g, 29.1 mmol) is treated
with 2-methylpiperazine (4.38 g, 43.7 mmol), triethylamine (8.2 mL), and acetonitrile (30
mL). The reaction mixture is stirred at room temperature overnight. After removal of the
solvent by distillation, the residue is dissolved in ethyl acetate (40 mL), washed with water,
and dried over anhydrous sodium sulfate. Concentration and drying under reduced pressure
furnish  (1-cyclopropyl-6-fluoro-7-piperazinyl-1,4-dihydro-4-oxo-quinoline-3-carboxylate-
0°,0%-bis(aceto-0)-boron in 12.9 g yield (91.0%). Final conversion to ciprofloxacin is
achieved by subjecting this intermediate to conventional hydrolysis using aqueous sodium
hydroxide in the presence of water and methanol as solvents, affording ciprofloxacin as the

final product.
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Synthetic route-7: Preparation of ciprofloxacin from 3-Chloro-N-cyclopropyl-4-
[17,25]

fluoroaniline and diethyl ethoxy methylene malonate.
Procedure

The synthetic sequence begins with the formation of a substituted aniline intermediate. A
mixture of 3-chloro-4-fluorophenol and 2-chloro-N-cyclopropylacetamide is introduced into a
stirred solution of potassium carbonate in toluene at 20-25 °C. The reaction mixture is

gradually heated to 105-110 °C and maintained at this temperature for 6-8 hours to promote
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ether formation. Upon completion, the solvent is removed under reduced pressure at 50 °C.
The resulting residue is transferred into 10% aqueous sodium hydroxide (200 mL) at room
temperature and stirred for 2 hours to selectively remove unreacted phenol. The precipitated
solid is isolated by filtration and washed thoroughly with water. This material is then added to
a stirred solution of potassium hydroxide and N-methyl-2-pyrrolidinone (NMP) in toluene at
20-25 °C. The reaction mixture is heated to 120-130 °C and maintained for 12 hours. After
cooling to 40-45 °C, water (200 mL) is added with stirring, and the organic and aqueous
layers are allowed to separate. The aqueous phase is extracted with toluene (100 mL), and the
combined organic layers are washed with water and concentrated by solvent evaporation to
afford 3-chloro-N-cyclopropyl-4-fluoroaniline as a yellow liquid. This aniline intermediate is
subsequently condensed with diethyl ethoxymethylenemalonate (EMME), and the resulting
condensation product, diethyl {[(3-chloro-4 fluorophenyl) (cyclopropyl) amino]methylene}
malonate, is subjected to cyclization using polyphosphoric acid (PPA). The reaction mixture
is stirred at 70-80 °C for 2 hours, after which it is cooled and further chilled prior to the
addition of water (100 mL). The aqueous suspension is stirred for 1 hour at 0-25 °C, and the
precipitated solid is collected by filtration and washed with water (20 mL). The isolated solid
contains the desired ethyl 7-chloro-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydroquinoline-3-
carboxylate. In the final transformation, piperazine (86 g) is introduced, and the reaction
mixture is stirred at 80-90 °C for 1 hour, followed by dilution with water (150 mL). Sodium
hydroxide (20 g) is then added, and the temperature is maintained at 70 °C for an additional
hour. Further dilution with water (500 mL) allows for the removal of trace insoluble
impurities by filtration. The pH of the clear solution is adjusted to 7.5 using half-concentrated
hydrochloric acid, after which the mixture is cooled to 0-5 °C. After standing for 2 hours,
ciprofloxacin precipitates and is isolated by suction filtration, washed twice with water (200

mL each), and dried overnight under vacuum to afford the final product.
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Synthetic route-8: Preparation of ciprofloxacin from Ethyl-3 (cyclopropylamino)
acrylate and Ethyl 1-cyclopropyl-6,7-difluoro-4-oxo-1,4-dihydro-  quinoline-3-
carboxylate.’*

Procedure

The transformation is initiated in an oven-dried three-necked round-bottom flask fitted with a
magnetic stirrer and maintained under an argon atmosphere. Lithium bis(trimethylsilyl)amide
in toluene (1 M, 70.54 mL, 70.54 mmol) is introduced and the solution is cooled to -78 °C.
To this cooled base, the acrylate intermediate 3a (5 g, 32.2 mmol) is added slowly, producing
a bright yellow reaction mixture that is stirred for 30 minutes. Subsequently, 2,4,5-
trifluorobenzoyl chloride (6.89 g, 35.48 mmol) is added dropwise over 10 minutes while
maintaining the low temperature. The reaction mixture is then allowed to warm gradually to
room temperature over the course of 1 hour and is stirred for an additional hour to ensure
completion of the acylation step. Upon completion, the reaction mixture is diluted with
dimethyl sulfoxide (30 mL), followed by the addition of piperazine (11 g, 128 mmol). The
resulting mixture is heated to 120 °C and maintained at this temperature for 2 hours. After
confirming complete consumption of intermediate 6a, the temperature is reduced to 90 °C
and sodium hydroxide (2.6 g, 65 mmol) is added. The mixture is stirred for a further 1 hour,
cooled to room temperature, and diluted with water (30 mL). The pH is then carefully
adjusted to 7 using 4 N hydrochloric acid. The reaction mixture is subsequently stored at 4
°C, allowing ciprofloxacin to precipitate gradually. The resulting solid is isolated by

filtration, washed three times with water, and dried to afford ciprofloxacin as a yellow solid
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4. Comparative analysis of various synthetic routes of ciprofloxacin

To facilitate a clearer comparison of the different synthetic strategies reported for

ciprofloxacin,

a comprehensive comparative table has been compiled. This table

systematically evaluates each route with respect to key factors, including the nature of the

starting materials, the principal mechanistic transformations involved, reaction conditions,

final yield and product purity, along with the inherent strengths and limitations of each

approach. Such a structured comparison enables an informed assessment of the suitability of

individual methods for laboratory-scale synthesis, industrial application, or alignment with

green chemistry principles.

Sl. | Synthetic Reaction % .
no | Route Key steps conditions Yield Purity pros Cons Ref.no.
Classical route | Condensation, ?;?)u(fe-r}ezo < ver Expensive
1 | by Bayer Cyclisation, ! 84.50% | Vo High yield Starting [17.18.19]
- NMP, 8.5 High .
(Route-1) Hydrolysis hrs Material
Modified
Gould Jacobs | Condensation, Multi-stage Simple Moderate
2 | route by Cyclization, heating, 50- | 58% | Moderate | starting overall vield [17.19.20]
Suven Substitution 90°C, 10 hrs. materials y
(Route-2)
NJEL%-I?:eeCted Cyclization, Variable 90- High Uneconomical
3 |9 \ Reduction, temperatures, Excellent | selectivity, | [r2
synthesis L 95% ; y extra steps
Deamination 55 hrs. no impurities
(Route-3)
NUCIeOph'“C Condensation, 110-120°C Low .
Aromatic e Very : Strict Solvent [17.22]
4 o Cyclization, for 8-12 76.0% | | Impurity
Substitution Hydrolysis Hours High Formation Removal
(Route-4) ydroly
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Transesterification, 95.110°C
Solid-phase ﬁn(?:?sft?ofr?rmatlon, Toluene, \er Very High Low Yield
synthesis nﬁcleo hiIi,c THF, and 13% Lov?// uri% ) Lon Timé !
(Route-5) oph NMP, 185 purity g
substitution, and hrs
acid cleavage. '
. Multiple
Borate Chelation, o . .
Chelate Route | Substitution, 25-110°C, 13 1 9144 High High Yield | Complex Steps | - (2224
. hrs. and Purity and expensive
(Route-6) Hydrolysis
reagents.
Smiles
rearrangement Unwanted
. Rearrangement and | 20 hrs, 70- 0 Scalable and [17.25]
of Modified Cyclisation 130°C 2% | Low Reproducible Isomer_
Gould-Jacobs Formation
(Route-7)
Acylation, .
One pot Cyclization, 6hrs, -78°C- . Streamlined Requwes_
synthesis : o 83% | High - Cryogenic 26
Coupling, 120°C and Efficient :
(Route-8) : Cooling
Hydrolysis

5. CONCLUSION

An evaluation of eight distinct synthetic approaches for the preparation
of ciprofloxacin reveals notable differences in cyclization and amination strategies involved
in quinolone core formation, reaction pathways, and operational efficiency. Among these, the
conventional Gould-Jacobs reaction followed by nucleophilic substitution  with
piperazine continues to dominate industrial practice owing to its operational simplicity,
reproducibility, and  consistently high yields. More recent methodologies,
particularly microwave assisted synthesis and one pot reactions, have demonstrated
considerable improvements by significantly shortening reaction times while enhancing yields
and reducing environmental impact. Alternative strategies employing transition metal
catalysis and solvent-free protocols introduce innovative concepts; however, their broader
adoption is limited by challenges such as reduced efficiency, increased costs, or technical
complexity. Collectively, the success of ciprofloxacin synthesis is governed by a balance of
reaction efficiency, product purity, reagent safety, economic feasibility, and overall

sustainability.

6. Future perspective

Future research should focus on designing synthetic strategies for ciprofloxacin that are both
environmentally sustainable and energy efficient. In particular, microwave assisted
methodologies and transition metal mediated C-H activation pathways show considerable

potential and merit further refinement to enable large scale implementation. Concurrently,
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exploration of photo induced cyclization processes and one pot cascade reactions may further
advance compliance with green chemistry principles. Additionally, the adoption of flow
chemistry and automated synthesis platforms offers significant advantages in improving
process safety, reproducibility, and product yield, thereby supporting the development of
more economical and sustainable ciprofloxacin manufacturing processes across industrial and

academic domains.

7. ACKNOWLEDGEMENT

The authors gratefully acknowledge the Department of Pharmaceutical Chemistry, Guru
Nanak Institute of Pharmaceutical Science and Technology, Kolkata, for academic support
and research encouragement. The constructive comments and discussions from colleagues

greatly helped improve the quality of this review article.

Conflict of Interest The authors declare no competing financial interests or personal

relationships that could influence the work reported in this manuscript.

Author contributions: SS and RB conceptualised the review and prepared the original draft.
PB and MM contributed to the literature analysis and data compilation. RKD supervised the

study and critically revised the manuscript. All authors approved the final version.

Conflict of Interest: The authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential conflict of

interest.

Data Availability Statement: All data analysed in this study are included in the article and its

referenced sources.

8. REFERENCE

1. Emami, S., Shafiei, A., & Foroumadi, A. R. (2005). Quinolones: recent structural and
clinical developments.

2. Zhang, G. F, Liu, X., Zhang, S., Pan, B., & Liu, M. L. (2018). Ciprofloxacin derivatives
and their antibacterial activities. European journal of medicinal chemistry, 146: 599-612.

3. Malik, M., Marks, K. R., Schwanz, H. A., German, N., Drlica, K., & Kerns, R. J., (2010).
Effect of N-1/c-8 ring fusion and C-7 ring structure on fluoroquinolone
lethality. Antimicrobial agents and chemotherapy, 54(12): 5214-5221.

www.wipr.net | Vol 15, Issue 5,2026. |  1SO 9001: 2015 Certified Journal | 331



Rituraj et al. World Journal of Pharmaceutical Research

10.

11.

12.

13.

Renau, T. E., Sanchez, J. P., Gage, J. W., Dever, J. A., Shapiro, M. A., Gracheck, S. J., &
Domagala, J. M. (1996). Structure— activity relationships of the quinolone antibacterials
against mycobacteria: effect of structural changes at N-1 and C-7. Journal of medicinal
chemistry, 39(3): 729-735.

Sharma, P. C., Jain, A., Jain, S., Pahwa, R., & Yar, M. S. (2010). Ciprofloxacin: review on
developments in synthetic, analytical, and medicinal aspects. Journal of enzyme inhibition
and medicinal chemistry, 25(4): 577-5809.

Sharma, D., Patel, R. P., Zaidi, S. T. R., Sarker, M. M. R., Lean, Q. Y., & Ming, L. C.
(2017). Interplay of the quality of ciprofloxacin and antibiotic resistance in developing
countries. Frontiers in pharmacology, 8: 546.

Chalkley, L. J., & Koornhof, H. J. (1985). Antimicrobial activity of ciprofloxacin against
Pseudomonas aeruginosa, Escherichia coli, and Staphylococcus aureus determined by the
killing curve method: antibiotic comparisons and synergistic interactions. Antimicrobial
agents and chemotherapy, 28(2): 331-342.

Meyerhoff, A., Albrecht, R., Meyer, J. M., Dionne, P., Higgins, K., & Murphy, D. (2004).
US Food and Drug Administration approval of ciprofloxacin hydrochloride for
management of postexposure inhalational anthrax. Clinical infectious diseases, 39(3):
303-308.

Apangu, T., Griffith, K., Abaru, J., Candini, G, Apio, H., Okoth, F,, ... & Mead, P. (2017).
Successful treatment of human plague with oral ciprofloxacin. Emerging infectious
diseases, 23(3): 553.

Unemo, M., Lahra, M. M., Cole, M., Galarza, P., Ndowa, F., Martin, 1., ... & Wi, T.
(2019). World Health Organization Global Gonococcal Antimicrobial Surveillance
Program (WHO GASP): review of new data and evidence to inform international
collaborative actions and research efforts. Sexual health, 16(5): 412-425.

Hooper, D. C., & Jacoby, G. A. (2016). Topoisomerase inhibitors: fluoroquinolone
mechanisms of action and resistance. Cold Spring Harbor perspectives in medicine, 6(9):
a025320.

Weir, R. E., Zaidi, F. H., Charteris, D. G,, Bunce, C., Soltani, M., & Lovering, A. M.
(2005). Variability in the content of Indian generic ciprofloxacin eye drops. British
Journal of Ophthalmology, 89(9): 1094-1096.

Kawas, G., Marouf, M., Mansour, O., & Sakur, A. A. (2018). Analytical methods of
ciprofloxacin and its combinations review. Research Journal of Pharmacy and
Technology, 11(5): 2139-2148.

www.wipr.net | Vol 15, Issue 5,2026. |  1SO 9001: 2015 Certified Journal | 332



Rituraj et al. World Journal of Pharmaceutical Research

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Matmour, D., Hamoum, N., Hassam, K. F. E., Ziani, N. H., & Toumi, H. (2022). Analysis
of Drug-Related Impurties by HPLC in Ciprofloxacin Hydrochloride Raw
Material. Turkish Journal of Pharmaceutical Sciences, 19(3): 293.

Lin, H., Dai, C., Jamison, T. F., & Jensen, K. F. (2017). A rapid total synthesis of
ciprofloxacin  hydrochloride in continuous flow. Angewandte Chemie, 129(30):
8996-8999.

Armstrong, C., Miyai, Y., Formosa, A., Thomas, D., Chen, E., Hart, T., ... & Roper, T.
(2021). On-demand continuous manufacturing of ciprofloxacin in portable plug-and-play
factories: development of a highly efficient synthesis for ciprofloxacin. Organic Process
Research & Development, 25(7): 1524-1533.

Arava, V. R., & Pailla, U. (2018). Ciprofloxacin: A two step process. Der Pharma
Chemica, 10(3): 174-178.

Grohe, K., & Heitzer, H. (1987). Cycloaracylierung von Enaminen, Il. Synthese von
1- Amino- 4- chinolon- 3- carbonsduren. Liebigs Annalen Der Chemie, 1987(10): 871-
879.

Zerbes, R., Naab, P., Franckowiak, G., & Diehl, H. (1997). One-pot process for the
preparation of 3-quinolonecarboxylic acid derivatives (U.S. Patent No. 5,639,886). U.S.
Patent and Trademark Office.

Bandatmakuru, S. R., & Arava, V. R. (2018). A new process for ciprofloxacin HCI. Der
Pharma Chemica, 10(9): 86-88.

Pulla, R. M., & Venkaiah, C. N. (2001). An improved process for the preparation of
quinolone derivatives (World Intellectual Property Organization Patent No. WO 01/85692
A2).

Davuluri, R. R. (2012). Improved process for the preparation of ciprofloxacin and its acid
addition salts (World Intellectual Property Organization Patent No. WO 2012/127505
A2).

MacDonald, A. A., DeWitt, S. H., Hogan, E. M., & Ramage, R. (1996). A solid phase
approach to quinolones using the DIVERSOMER® technology. Tetrahedron
letters, 37(27): 4815-4818.

Takagi, N., Fubasami, H., & Matsukubo, H. (1992). (6,7)-substituted-8-alkoxy-1-
cyclopropyl-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid-03,04) bis (acyloxy-O) borate
and the salt thereof, and the preparing method of the same (U.S. Patent No. 5,157,117).
U.S. Patent and Trademark Office.

www.wipr.net | Vol 15, Issue 5,2026. |  1SO 9001: 2015 Certified Journal | 333



Rituraj et al. World Journal of Pharmaceutical Research

25. Arava, V. R., & Bandatmakuru, S. R. (2013). An efficient synthesis of N-
cyclopropylanilines by a Smiles rearrangement. Synthesis, 45(08): 1039-1044.

26. Tosso, N. P., Desai, B. K., De Oliveira, E., Wen, J., Tomlin, J., & Gupton, B. F. (2019). A
consolidated and continuous synthesis of ciprofloxacin from a vinylogous cyclopropyl
amide. The Journal of Organic Chemistry, 84(6): 3370-3376.

www.wipr.net | Vol 15, Issue 5,2026. |  1SO 9001: 2015 Certified Journal | 334



