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Abstract: Fluoxetine is an antidepressant classified as a selective serotonin reuptake inhibitor 

(SSRI). Its bioavailability is low due to its varying dissolution at different pH levels and rapid 

breakdown in the liver. To address these challenges, a series of five novel fluoxetine derivatives 

(A1–A5) were synthesized by introducing various acyloxyalkyl carbamate groups at the fluoxetine 

amino moiety. The structural integrity and chromatographic purity of these derivatives were 

confirmed through Fourier-transform infrared (FT-IR) spectroscopy, proton nuclear magnetic 

resonance (¹H-NMR), and carbon-13 nuclear magnetic resonance (¹³C-NMR) analyses. The 

enzymatic hydrolysis rates were assessed using ultraviolet-visible (UV-Vis) spectroscopy (λmax: 

227 nm) in human plasma, revealing controlled-release profiles modulated by the steric bulk of the 

acyloxyalkyl substituents. At 120 minutes, the hydrolysis rates were as follows: A1 (99.5%), A2 

(97.0%), A3 (96.9%), A4 (95.0%), and A5 (94.5%). These results highlight the potential of the 

acyloxyalkyl carbamate moiety to enhance drug absorption, reduce adverse effects, and improve 

therapeutic outcomes. The study demonstrates the feasibility of addressing fluoxetine’s 

pharmacokinetic limitations through prodrug design. Future research should focus on 

comprehensive in vivo investigations to validate the in vitro findings and evaluate these derivatives' 

long-term pharmacokinetics, biological efficacy, and safety. 

Keywords: fluoxetine prodrug, acyloxy alkyl carbamate, enzyme-triggered release, esterase activation, 

pharmacokinetic 

INTRODUCTION 

Major depressive disorder (MDD) is one of the most common and severe mental health illnesses. It 

affects roughly 15% of the world's population, with women experiencing much greater rates than males 

[1, 2]. Due to suicide or other concurrent medical illnesses such as cardiovascular diseases, MDD has 

a significant risk of early mortality [3, 4]. Significant deficits in productivity and day-to-day 

functioning are another outcome of the disease. In basic care settings, depression is frequently 

underdiagnosed and untreated, despite being curable [5]. 

The World Health Organization lists chronic sorrow, loss of interest or pleasure, irregular hunger, guilt, 

low self-esteem, exhaustion, and trouble concentrating as some of the symptoms of depression [6]. 
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Significant functional impairments may result from this condition, which can be chronic or recurrent 

[7]. Some subgroups of depression, such as seasonal, psychotic, and melancholic depression, are 

included in the classification and may react differently to medication [8]. 

 Selective serotonin reuptake inhibitors (SSRIs), such as fluoxetine, are among the most often 

prescribed antidepressants in use today [9, 10]. Since it selectively targets serotonin reuptake 

transporters, fluoxetine—one of the first SSRIs to be licensed by the FDA in 1987 [11]—remains a 

top choice for treating depression [12, 13]. On the other hand, problems with its pH-dependent 

solubility and hepatic first-pass metabolism can make it less bioavailable and cause a delay in the start 

of treatment when taken orally [14, 15]. 

Fluoxetine has significant adverse effects, drug-drug interactions, and contraindications despite its 

efficacy. Sexual dysfunction, headaches, nausea, and sleeplessness are typical adverse effects. When 

taken with other serotonergic medications, there are serious hazards, including serotonin syndrome. 

Careful monitoring is necessary for drug-drug interactions, especially those involving pimozide and 

monoamine oxidase inhibitors (MAOIs). Hypersensitivity to fluoxetine and concurrent use with 

specific drugs are examples of contraindications. [16]. The synthesis of many derivatives targeted at 

improving pharmacokinetics, reducing side effects, and increasing patient outcomes is the result of 

efforts to improve the therapeutic profile of fluoxetine. Prodrug approaches have been investigated to 

overcome drawbacks including pH-dependent solubility and hepatic first-pass metabolism. These 

changes have demonstrated potential for enhancing therapeutic efficacy and bioavailability [17]. 

 

This work focuses on adding different acyloxyalkyl carbamate groups to create a new class of 

fluoxetine derivatives (A1–A5). These compounds are intended to circumvent the pharmacokinetic 

constraints of conventional fluoxetine and provide controlled-release characteristics. To determine the 

new derivatives' potential for therapeutic use, the research aims to synthesize them, characterize their 

structures, and measure their enzymatic hydrolysis rates. 

Prodrugs are inactive compounds designed to convert into active drugs after administration, enhancing 

pharmacokinetics and reducing side effects [19–22]. They improve bioavailability, inhibit first-pass 

metabolism, and reduce gastrointestinal degradation, addressing fluoxetine's limitations [15, 16]. 

Prodrugs are classified into bioprecursor and carrier-linked types. Carrier-linked prodrugs release the 

active drug via enzymatic cleavage [23], while bioprecursors are activated through the metabolic 

transformation without a carrier [24–26]. 

Prodrugs' hydrolysis rates, influenced by their chemical makeup and the enzymes that aid in the 

conversion process, play a major role in determining their effectiveness. Ester linkages are broken via 



 

 

enzymatic hydrolysis, frequently aided by esterases to liberate the active ingredient. The rate of this 

conversion can strongly impact the prodrug's ability to be therapeutically efficacious. It is essential to 

comprehend the impact of varying acyl group sizes on hydrolysis rates when creating prodrugs with 

regulated release profiles [25]. Using butyrylcholinesterase as a model enzyme, this study examines 

the effect of acyl group size on hydrolysis rates, which aids in optimizing prodrug design. We hope to 

offer important insights into creating prodrugs with enhanced therapeutic efficacy by investigating 

these interactions [24]. 

Amines are present in many pharmacologically active medications, and prodrug techniques can 

increase their lipid solubility and membrane permeability [27]. For primary and secondary amine 

medications, the (acyloxy) alkyl carbamylation technique improves lipophilicity, metabolic stability, 

and chemical stability [28–30]. The non-ionizable character of (acyloxy)alkoxy promoieties at 

physiological pH, their simplicity of synthesis, and their enzyme-triggered release make them 

particularly valuable as prodrugs [31]. However, because of stereochemical variations, the chiral 

amines used in this method may show varying hydrolysis rates [32–34]. 

Because of their stability and ability to cross biological membranes, carbamate-containing medications 

are an important structural class frequently utilized in medicinal chemistry as peptide bond 

replacements [35, 36]. Since carbamates in prodrugs are bioreversible and can improve drug 

distribution, they are engineered to release the parent amine upon hydrolysis, which is mediated by 

esterases [37–39]. Their rate of hydrolysis is an important factor in determining how long the 

therapeutic action lasts and how effective it is [39]. This research is significant in enhancing the 

pharmacokinetic properties of fluoxetine through the strategic design of prodrugs. Despite the clinical 

utility of fluoxetine as an antidepressant, its effectiveness is often compromised by issues related to 

solubility and bioavailability. The innovative approach of developing prodrugs aims to overcome these 

barriers, thereby facilitating improved absorption and distribution within biological systems. Such 

advancements not only have the potential to optimize therapeutic outcomes for patients with 

depression but also contribute to the broader field of pharmaceutical sciences by addressing critical 

challenges in drug delivery and efficacy. The research objectives are delineated following this 

contextual framework, ensuring a clear understanding of the study's aims. 

MATERIALS AND METHODS 

Materials 

Fluoxetine and isobutyric acid were procured from Hyperchem (China). Propanoic acid and 

chloroethyl chloroformate were obtained from Loba Chemie (India) and Flourochem (UK), 

respectively. Benzoic acid was supplied by Srlchem (India), while glacial acetic acid was provided by 

Macron Fine Chemicals (USA). Pyridine and chloroform were acquired from Thomas Baker (India), 



 

 

and salicylic acid was sourced from Pure Chem (India). Silver monoxide was supplied by Alpha 

Chemika (India). Sodium hydroxide was obtained from BDH (England), and dioxane was supplied by 

Loba Chemie (India).  

Equipment 

Stuart electrical melting point equipment (UK) was used for melting point determination. A Japanese 

Shimadzu 8400S spectrophotometer was used for the FT-IR analysis. The 1H-NMR and 13C-NMR 

spectra were recorded using a Bruker Avance NEO spectrometer (400 MHz for 1H-NMR and 100 MHz 

for 13C-NMR, Germany). A Shimadzu UV-Vis spectrophotometer (Japan) was used for 200–400 nm 

UV analysis. 

 

Chemical synthesis 

The overall chemical synthesis conditions and the approach for the preparation of fluoxetine prodrug 

derivatives are illustrated in Scheme(1)below. 

  

Scheme (1). Synthesis of acyloxy alkyl carbamate prodrug of fluoxetine. 

 

General synthesis of acyloxyalkylcarbamate fluoxetine derivatives (A1-A5) 

 At 0°C, 40 µL of pyridine and 1.2 mmol of 1-chloroethyl chloroformate were gradually added to a 

solution of fluoxetine (1 mmol) in 5 mL of chloroform, the reaction mixture was stirred at room 



 

 

temperature. The crude carbamate derivative was obtained and utilized immediately in the following 

step without any purification. The carbamate derivative was combined with a specific organic acid in 

the esterification step to prepare different derivatives of the prodrug. Acetic acid was used for A1, 

propanoic acid for A2, isobutyric acid for A3, benzoic acid in dioxane for A4, and salicylic acid in 

dioxane for A5. The reaction mixture was heated to 75°C, followed by the addition of silver (I) oxide. 

The temperature was then raised to 95°C, and the mixture was stirred for three hours. Following the 

completion of the reaction, sodium carbonate was used to neutralize the excess of organic acid. The 

silver oxide was removed by filtration. The final product was separated and purified from the reaction 

mixture by liquid-liquid extraction method using a 1:1 chloroform/ water mixture was effective in 

achieving pure compounds, as evidenced by the clear and well-resolved signals in the FT-IR,1H-NMR, 

and 13C-NMR spectra. The chemical structures of acyloxy alkyl carbamate derivatives (A1–A5) and 

their chemical names are shown in table (1). 

COM

P. 
STRUCTURE IUPAC NAME 

A1 

 

[1S]-1-[[methyl[3-phenyl-3-

[4-

[trifluoromethyl]phenoxy]

propyl]carbamoyl]oxy]ethy

l acetate 

 

A2 

 

[1S]-1-[[methyl[3-phenyl-3-

[4-

[trifluoromethyl]phenoxy]p

ropyl]carbamoyl]oxy]ethyl 

propionate 

 

A3 

 

[1S]-1-[[methyl[3-phenyl-3-

[4-

[trifluoromethyl]phenoxy]p

ropyl]carbamoyl]oxy]ethyl 

isobutyrate 



 

 

A4 

 

[1S]-1-[[methyl[3-phenyl-3-

[4-

[trifluoromethyl]phenoxy]p

ropyl]carbamoyl]oxy]ethyl 

benzoate 

A5 

 

[1S]-1-[[methyl[3-phenyl-3-

[4-

[trifluoromethyl]phenoxy]p

ropyl]carbamoyl]oxy]ethyl 

2-hydroxybenzoate 

 

Table 1. Chemical structures of acyloxyalkylcarbamate derivatives (A1–A5) and their chemical 

names 

Synthesis of compound (A1) (1S)-1-((methyl (3-phenyl-3-(4-(trifluoromethyl) phenoxy) 

propyl)carbamoyl)oxy)ethyl acetate 

Physical appearance: faint yellow powder, yield: 89%.  Melting point:  193-198⁰C. FT-IR: 1022.31 

cm⁻¹ (C-F stretching vibration characteristic of the CF₃ group), 1116.82 cm⁻¹ (stretching vibration 

associated with the ether group), 1166.97 cm⁻¹ (C-O stretching vibration found in the ester group), 

1251.84 cm⁻¹ (C-O stretching vibration within the carbamate group), 1415.80 cm⁻¹ (bending vibration 

related to CH3 groups), 1562.39 cm⁻¹ (C=C stretching vibration typical of aromatic rings), 1639.55 

cm⁻¹ (C=O stretching vibration specific to the carbamate group), 1705.13 cm⁻¹ (C=O stretching 

vibration attributed to the ester group), 2931.90, 3001.34 cm⁻¹ (stretching vibration of CH₃ groups in 

alkanes), and 3000–3100 cm⁻¹ (C-H stretching vibration associated with aromatic rings). 1H-NMR 

(DMSO-d6, 400 MHz), δ (ppm): 1.71 (d, 3H,  proton CH₃), 2.28 (q, 2H, proton CH₂ ), 2.51 (m, 2H,  

proton CH₂ ), 2.60 (t, 2H, CH₂ attached to N atom), 4.42 (s, 3H, CH₃ attached to N atom), 5.54 (triblet, 

1H,   CH of benzylic proton), 7.05 – 7.07 (d, 2H,  CH proton of aromatic ring A ), 7.24 – 7.26 (m, 2H,  

CH proton of aromatic ring B), 7.28 – 7.33 (t, 1H,  CH proton of aromatic ring B ), 7.35 – 7.39 (d, 

2H,CH  proton of  aromatic ring B ), 7.41 – 7.46 (t, 2H,  CH of aromatic ring A ), 7.54 – 7.56 (q, 2H,  

proton of O-CH-O ). 13C-NMR (DMSO-d6,100 MHz), δ (ppm): 20.72 (CH₃), 29.18 (CH₃), 29.51 (CH₂), 

30.27 (CH₃), 55.57 (CH₂), 83.92 (CH-O), 98.18 (O-CH-O), 106.18 (C in aromatic ring A), 113.60 (C 

in aromatic ring A), 126.33 (C bonded to the trifluoride group), 127.15 (CH in aromatic ring B), 128.13 

(CH in aromatic ring A), 129.25 (CH in aromatic ring B), 133.20 (CH in aromatic ring B), 142.98 (C 

in aromatic ring B), 168.73 (C=O), 176.51 (C in aromatic ring), 184.07 (C=O). 



 

 

Synthesis of compound (A2) (1S)-1-((methyl (3-phenyl-3-(4-(trifluoromethyl) phenoxy) 

propyl)carbamoyl)oxy)ethyl propionate 

Physical appearance: faint yellow sticky powder. Yield: 82%. Melting point: 182-188⁰C. FT-IR: 

1022.31 cm⁻¹, 1058.96 cm⁻¹ (C-F stretching vibrations in the CF₃ group), 1116.82 cm⁻¹ (vibrations 

associated with the ether group), 1166.97 cm⁻¹ (C-O stretching vibrations characteristic of the ester 

group), 1251.84 cm⁻¹ (C-O stretching vibrations in the carbamate group), 1415.80 cm⁻¹ (CH₃ group 

bending vibrations), 1562.39 cm⁻¹ (C=C stretching vibrations in aromatic rings), 1639.55 cm⁻¹ (C=O 

stretching vibrations typical of the carbamate group), 1705.13 cm⁻¹ (C=O stretching vibrations of the 

ester group), 2931.90 cm⁻¹, 3001.34 cm⁻¹ (CH₃ group stretching vibrations in alkanes), and 3100 cm⁻¹ 

(C-H stretching vibrations in aromatic rings).. 1H-NMR (DMSO-d6, 400 MHz),  δ (ppm): 0.94 – 0.95 

(t, 3H, proton of CH₃), 2.11 – 2.12 (d, 3H,  proton of CH₃), 2.80 – 2.82 (q, 2H,  proton  of CH₂), 2.30 

(m, 2H,  proton of CH₂), 2.96 (t, 2H, CH₂ attached to N atom), 4.75 (s, 3H, CH₃ attached to N atom), 

5.71 (triblet, 1H,CH proton of benzylic ), 7.07 – 7.09 (d, 2H, CH  proton of aromatic ring A), 7.24 – 

7.26 (m, 2H, CH  proton of aromatic ring B), 7.28 – 7.33 (t, 1H, CH  proton of aromatic ring B), 7.35 

– 7.37 (d, 2H, CH proton of aromatic ring B), 7.42 – 7.44 (t, 2H, CHproton  of aromatic ring A), 7.53 

– 7.55 (q, 2H,  proton of O-CH-O ).13C- NMR (DMSO-d6,100MHz),δ (ppm): 9.94 (CH₃), 20.72 (CH₃), 

29.18 (CH₂), 29.51 (CH₂), 30.27 (CH₃), 44.57 (CH₂), 87.66 (CH-O), 92.08 (O-CH-O), 106.18 (C in 

aromatic ring A, 2C), 118.97 (C in aromatic ring A), 126.33 (C bonded to trifluoride group), 127.15 

(CH in aromatic ring B), 128.13 (CH in aromatic ring A, 2C), 129.25 (CH in aromatic ring B, 2C), 

133.20 (CH in aromatic ring B, 2C), 142.98 (C in aromatic ring B), 153.58 (C=O), 157.23 (C=O), 

168.73 (C in aromatic ring). 

Synthesis of compound (A3) (1S)-1-((methyl (3-phenyl-3-(4-(trifluoromethyl) phenoxy) propyl) 

carbamoyl) oxy) ethyl isobutyrate 

Physical appearance: faint yellow powder. Yield: 80%. Melting point: 186-190⁰C. FT-IR: 1006.84 

cm⁻¹, 1068.56 cm⁻¹ (C-F stretching vibrations in the trifluoromethyl group), 1112.93 cm⁻¹ (stretching 

vibrations attributed to the ether group), 1242.16 cm⁻¹ (C-O stretching vibrations characteristic of the 

ester group), 1300.02 cm⁻¹ (C-O stretching vibrations found in the carbamate group), 1373.32 cm⁻¹ 

(C-H bending vibrations within the CH₃ group), 1508.33 cm⁻¹, 1541.12 cm⁻¹ (C=C stretching 

vibrations typical of aromatic rings), 1683.86 cm⁻¹ (C=O stretching vibrations in the carbamate 

carbonyl group), 1716.65 cm⁻¹ (C=O stretching vibrations associated with the ester carbonyl group), 

2939.52 cm⁻¹, 2976.16 cm⁻¹ (asymmetric CH₃ stretching vibrations), and 3000 cm⁻¹ (C-H stretching 

vibrations in aromatic rings). 1H-NMR (DMSO-d6, 400 MHz), δ (ppm): 1.03 – 1.04 (t, 6H, proton of 

CH₃ ), 2.13 (d, 3H,  proton of CH₃), 2.29 (q, 1H, proton of CH₂), 2.43 (m, 2H,  proton of CH₂ ), 2.83 – 

2.86 (t, 2H, CH₂ attached to N atom), 4.81 (s, 3H, CH₃ attached to N atom), 5.66 (m, 1H,  CH benzylic 



 

 

proton), 7.01 – 7.12 (d, 2H, CH proton of aromatic ring A), 7.28 – 7.30 (m, 2H, CH  proton of aromatic 

ring B), 7.30 – 7.31 (t, 1H, CH of aromatic ring B), 7.36 – 7.38 (d, 2H, CH proton of aromatic ring B), 

7.40 – 7.44 (t, 2H, CH of aromatic ring A), 7.46 – 7.58 (q, 2H,  proton of O-CH-O ).13C-NMR (DMSO-

d6,100 MHz), δ(ppm):δ (ppm): 18.04 (CH₃, 2C), 20.72 (CH₃), 29.18 (CH₂), 29.51 (CH₂), 30.27 (CH₃), 

44.57 (CH₂), 87.66 (CH-O), 92.08 (O-CH-O), 106.18 (C in aromatic ring A, 2C), 118.97 (C in aromatic 

ring A), 126.33 (C attached to the trifluoride group), 127.15 (CH in aromatic ring B), 128.13 (CH in 

aromatic ring A, 2C), 129.25 (CH in aromatic ring B, 2C), 133.20 (CH in aromatic ring B, 2C), 142.98 

(C in aromatic ring B), 153.58 (C=O), 157.23 (C=O), 168.73 (C in aromatic ring). 

Synthesis of compound (A4) (1S)-1-((methyl (3-phenyl-3-(4-(trifluoromethyl) phenoxy) propyl) 

carbamoyl) oxy) ethyl benzoate 

Physical appearance: faint yellow sticky powder. Yield: 74%. Melting point 202-205⁰C. FT-IR: 

1029.99 cm⁻¹ (C-F stretching vibrations in the CF₃ group), 1145.72 cm⁻¹ (stretching vibrations 

attributed to the ether group), 1244.09 cm⁻¹ (C-O stretching vibrations characteristic of the ester 

group), 1290.38 cm⁻¹ (C-O stretching vibrations within the carbamate group), 1384.89 cm⁻¹, 1440.83 

cm⁻¹ (CH₃ group bending vibrations), 1608.63 cm⁻¹ (C=C stretching vibrations typical of aromatic 

rings), 1645.28 cm⁻¹ - 1700 cm⁻¹ (C=O stretching vibrations corresponding to ester and carbamate 

groups), and 3230.77 cm⁻¹ (C-H stretching vibrations in aromatic rings). 1H-NMR (DMSO-d6, 400 

MHz), δ (ppm): 1.78 (d, 3H, proton of CH₃ ), 2.59 (m, 2H,  proton of CH₂), 2.99 (t, 2H, CH₂ attached 

to N atom), 4.67 (s, 3H, CH₃ attached to N atom), 5.65 (t, 1H, CH of benzylic proton  ), 7.37 – 7.36 

(d, 2H, CH  proton of aromatic ring A), 7.41 – 7.46 (m, 2H, CH proton of aromatic ring B), 7.48 – 

7.50 (t, 1H, CH proton of aromatic ring B), 7.57 (d, 2H, CH proton of aromatic ring B), 7.58 – 7.59 (t, 

2H, CH  proton of aromatic ring A), 7.61 (q, 2H,  proton of O-CH-O ), 7.91 (m, 2H, CH proton of 

aromatic ring C), 7.96 (t, 1H, CH proton of aromatic ring C), 7.97 – 7.98 (d, 2H, CH proton of aromatic 

ring C).13C-NMR (DMSO-d6, 100 MHz), δ (ppm): 12.30 (CH₃), 29.94 (CH₂), 34.19 (CH₃), 53.02 

(CH₂), 81.54 (C), 86.06 (O-CH-O), 113.68 (CH in aromatic ring A, 2C), 117.92 (C in aromatic ring 

A), 121.28 (C connected to trifluoride), 123.63 (C in aromatic ring B), 126.79 (CH in aromatic ring A, 

2C), 129.43 (CH in aromatic ring B, 2C), 131.32 (CH in aromatic ring B, 2C), 132.95 (CH in aromatic 

ring C, 2C), 136.00 (CH in aromatic ring C, 2C), 137.67 (C in aromatic ring C), 139.94 (CH in aromatic 

ring C), 140.29 (C in aromatic ring B), 147.44 (C=O), 156.47 (C in aromatic ring A), 162.47 (C=O). 

Synthesis of compound (5A) (1S) 1((methyl (3phenyl3 (4(trifluoromethyl)phenoxy) 

propyl)carbamoyl)oxy)ethyl 2-hydroxybenzoate 

Physical appearance: brown powder. Yield: 78%. Melting point: 290-294⁰C. FT-IR: 1109.07 cm⁻¹ (C-

F stretching vibrations in the CF₃ group), 1157.29 cm⁻¹ (stretching vibrations associated with the ether 



 

 

group), 1176.58 cm⁻¹ (C-O stretching vibrations characteristic of the ester group), 1244.09 cm⁻¹ (C-O 

stretching vibrations in the carbamate group), 1394.53 cm⁻¹, 1417.68 cm⁻¹ (CH₃ group bending 

vibrations), 1519.91 cm⁻¹, 1541.12 cm⁻¹ (C=C stretching vibrations typical of aromatic rings), 1683.86 

cm⁻¹ (C=O stretching vibrations in the carbamate group), 1697.36 - 1716.65 cm⁻¹ (C=O stretching 

vibrations corresponding to the ester group), 2885.51 cm⁻¹, 2943.37 cm⁻¹ (CH₃ group stretching 

vibrations), 3100 cm⁻¹ (C-H stretching vibrations in aromatic rings), and 3311.78 cm⁻¹ (phenolic OH 

stretching vibrations). 1H-NMR (DMSO-d6, 400 MHz), δ (ppm): 1.68 (d, 3H,  proton of CH₃ ), 2.19 – 

2.21 (m, 2H, proton of CH₂ ), 3.54 (t, 2H, CH₂ attached to N atom), 4.76 (s, 3H, CH₃ attached to N 

atom), 5.60 (t, 1H, CH proton of benzylic ), 6.87 – 6.89 (d, 2H, CH proton of aromatic ring A), 6.91 – 

6.94 (m, 2H, CH proton of aromatic ring C), 7.49 (m, 2H, CH proton of aromatic ring B), 7.57 (t, 1H, 

CH proton of aromatic ring B), 7.52 – 7.54 (t, 2H, CH proton of aromatic ring B), 7.56 (t, 1H, CH 

proton of aromatic ring C), 7.79 (d, 2H, CH proton of aromatic ring A), 7.81 (d, 1H, CH of aromatic 

ring C), 7.97 (q, 1H, O-CH-O proton), 10.91 (s, OH proton). 13C-NMR (DMSO-d6, 100 MHz), δ (ppm): 

16.35 (CH₃), 27.44 (CH₂), 31.54 (CH₃), 56.08 (CH₂), 81.23 (CH), 95.29 (O-CH-O), 112.31 (C in 

aromatic ring B), 118.43 (CH in aromatic ring A, 2C), 121.02 (CH in aromatic ring B connected to 

trifluoride), 123.01 (CH in aromatic ring B), 125.48 (C in aromatic ring A), 127.98 (C connected to 

trifluoride), 129.95 (CH in aromatic ring A, 2C), 131.26 (CH in aromatic ring C), 133.03 (CH in 

aromatic ring C, 2C), 134.47 (CH in aromatic ring C, 2C), 136.31 (CH in aromatic ring B), 140.34 

(CH in aromatic ring B), 144.19 (C in aromatic ring C), 154.21 (C=O), 160.86 (C in aromatic ring A), 

163.10 (C in aromatic ring B), 169.34 (C=O). 

Enzymatic Hydrolysis 

The enzymatic hydrolysis of the synthesized compounds (A1–A5) was conducted using human plasma 

(obtained from (Sigma-Aldrich, P9523) in powdered form was reconstituted according to the 

manufacturer’s instructions and stored at 2–8°C). The plasma was diluted to approximately 80% with 

an isotonic phosphate buffer (pH 7.4) and maintained at 37 °C. To initiate the reaction, 5 mL of the 

heated plasma solution was added to 100 µL of the target compound stock solution. Samples were 

collected at specified intervals (15, 30, 60, and 120 minutes) and deproteinized with cold methanol. 

Hydrolysis rates were monitored using UV-Vis spectroscopy at λmax = 227 nm after instant mixing and 

5-minute centrifugation at 4,000 rpm [40]. 

Statistical Analysis 

Statistical analysis was conducted to ensure the reliability and accuracy of the experimental data. All 

experiments were performed in triplicate, and the results are presented as mean ± standard deviation 

(SD). The mean and SD values were calculated using GraphPad Prism (version 9). One-way analysis 



 

 

of variance (ANOVA) was used to evaluate the differences in enzymatic hydrolysis rates among the 

various prodrug derivatives (A1–A5), allowing for the assessment of significant differences between 

the groups. A p-value of less than 0.05 was considered statistically significant [41]. Figure 1 represents 

hydrolysis percentages and their variability was generated using GraphPad Prism to ensure accurate 

visualization of trends and error margins. 

RESULTS AND DISCUSSION 

FT-IR results 

The first step in the formation of fluoxetine derivatives involves the reaction between a secondary 

amine and 1-chloroethyl chloroformate, resulting in the formation of a carbamate intermediate (R-NH-

COOCH (CH₃)Cl₂) through a nucleophilic attack by the nitrogen of the amine on the carbonyl group. 

To confirm the successful formation of the prodrugs (A1–A5), FT-IR spectroscopy was employed by 

monitoring the absence of the N-H stretching band at 3300 cm⁻¹, which is characteristic of fluoxetine, 

and the appearance of a new C=O stretching band in the range of 1650–1700 cm⁻¹. This C=O band 

was a defining feature across all five derivatives and served as the standard to evaluate the success of 

the reaction through IR measurements S (1 to 5). 

1H-NMR results 

The A1-A5 compounds were characterized with 1HNMR to further confirm the identity of the final 

product (S6 to S10). Different patterns in distinctive proton signals were noted among the produced 

goods. The methyl group in molecule A1 generated a doublet at 1.71 ppm, suggesting a comparatively 

straightforward ester structure. For A2, a triplet for the methyl group at 0.94-0.95 ppm and a quartet 

for the adjacent CH₂ protons at 2.80-2.82 ppm indicate a more complex environment influenced by the 

ester group. 

Compound A3 shows ester-related connectivity, with the methyl protons showing up as a triplet at 

1.03–1.04 ppm and the CH₂ protons forming a quartet at 2.29 ppm. Aromatic proton signals are more 

intricate in compounds A4 and A5. At 7.91, 7.96, and 7.97-7.98 ppm, multiplets and triplets for the 

CH protons of aromatic ring C are observed in A4, suggesting substituent effects. A5 shows a triplet 

at 7.56 ppm and multiplet signals at 6.91-6.94 ppm, indicating further aromatic interactions. 

The hydroxyl proton in A5 at 10.91 ppm indicates significant deshielding, which could be caused by 

electron-withdrawing mechanisms or strong hydrogen bonding. The analysis of the 1HNMR data, 

which demonstrates how the ester functional group influences the chemical environment of 

surrounding protons, confirms the structural identities of the generated compounds. 

 



 

 

13C-NMR results 

Compounds A1–A5 were further characterized by ¹³C-NMR spectroscopy S (11 to 15) to validate their 

structures based on the characteristic carbon environments observed in their spectra. A1 exhibits a 

simple ester structure with a methyl carbon resonating at 16.35 ppm. A slightly more complex ester 

structure is indicated in A2, as evidenced by a CH₂ carbon at 27.44 ppm and a methyl carbon at 31.54 

ppm. A3 shows characteristic ester carbons at 81.23 ppm (CH) and 95.29 ppm (O-CH-O), confirming 

its distinct structural features. For A4, aromatic carbons resonate in the range of 118–129 ppm, 

reflecting the substituent effects on the aromatic ring. In A5, the presence of downfield shifts at 154.21 

ppm and 169.34 ppm for carbonyl carbons indicates strong electron-withdrawing interactions, 

consistent with the unique electronic environments in this compound. 

 

 

Enzyme hydrolysis 

In this study, the hydrolysis of five fluoxetine prodrug derivatives (A1–A5) was evaluated in human 

plasma to assess their potential for improving drug delivery and therapeutic outcomes. The results 

demonstrated that prodrug A1 exhibited the fastest hydrolysis rate, achieving a 99.5% conversion after 

120 minutes, followed by A2 (97.0%), A3 (96.9%), A4 (95.0%), and A5 (94.5%). The differences in 

hydrolysis rates can be attributed to the varying steric properties of the acyloxyalkyl groups attached 

to each prodrug, which influence the interaction with esterases in human plasma. The A1 derivative, 

with a smaller and more flexible acyloxy group, showed optimal interaction with the enzymes, 

resulting in rapid hydrolysis. On the other hand, the larger or bulkier substituents on A2, A3, A4, and 

A5 introduced steric hindrance, leading to slower hydrolysis rates. 

 

Table (2).  Mean Percentage of hydrolysis with standard deviation of compounds over time  

 

Time 

(min) 

A1 (%) A2 (%) A3 (%) A4 (%) A5 (%) 

5 1.58±0.02 1.30±0.02 1.15±0.034 1.07±0.0578 0.94±0.09826 

15 17.50±1.1 16.25±1.1 15.00±1.87 14.50±2.179 12.25±3.7043 

30 26.00±1.3 24.75±1.3 23.25±2.21 22.25±2.757 19.50±3.3869 

60 60.50±1.7 58.30±1.7 57.55±2.89 56.45±2.913 55.15±3.3521 

120 99.50±2.5 97.00±2.5 96.90±2.25 95.00±3.225 94.50±3.2825 
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Figure (1). Mean percentage of hydrolysis rate of compounds (A1, A2, A3, A4 and A5). Error bars 

represent standard deviation (n=3) 

 

Figure (1) visually represents the mean percentage hydrolysis rates of the compounds (A1–A5) over 

time (5, 15, 30, 60, and 120 minutes). The error bars represent the standard deviation (n = 3). The data 

show that all derivatives exhibited a progressive increase in hydrolysis percentage with time, reaching 

near-complete hydrolysis at 120 minutes. Notably, A1 consistently outperformed the other derivatives 

at every time point, aligning with its smaller acyloxyalkyl group and higher enzymatic affinity. 

The hydrolysis of fluoxetine prodrugs in human plasma observed in the current study aligns closely 

with findings from prior research emphasizing the role of esterases in prodrug activation. For instance, 

Huttunen et al. (2018) identified carboxylesterase (CES) and paraoxonase (PON) as crucial enzymes 

in the hydrolysis of amino acid ester prodrugs of ketoprofen, supporting the observation that ester-

linked prodrugs are efficiently bioconverted in plasma across different systems [42]. This validates the 

present study's findings, reinforcing the concept that esterases such as butyrylcholinesterase (BChE), 

CES, and PON play a central role in the controlled release of active compounds, enhancing the 

bioavailability and therapeutic efficacy of ester-containing prodrugs. 

Similarly, Li et al. (2019) studied the esterase-mediated hydrolysis of simvastatin in human and rat 

blood, identifying CES and PON as the primary enzymes responsible for converting simvastatin to its 



 

 

active form, simvastatin acid [43]. The use of esterase inhibitors in their study demonstrated the 

substantial impact of hydrolysis on pharmacokinetic profiles, affecting both the concentration and 

bioavailability of the prodrug and its active metabolite. This finding parallels the importance of 

enzymatic activity in the current study, where the high conversion rates of fluoxetine prodrugs in 

plasma highlight the effectiveness of BChE-mediated hydrolysis in achieving optimal drug release. 

Both the ketoprofen study by Huttunen et al. (2018) and the simvastatin study by Li et al. (2019) 

highlight the necessity of enzymatic hydrolysis for effective prodrug conversion. These insights 

complement the current study's findings, illustrating how the enzymatic activity of BChE ensures the 

efficient activation of fluoxetine prodrugs. This enzymatic process not only facilitates improved 

solubility and absorption but also addresses hepatic first-pass metabolism, ultimately enhancing the 

pharmacokinetic and pharmacodynamic profiles of the prodrugs. 

By drawing parallels to these studies, the current research underscores the broader applicability of 

enzyme-mediated hydrolysis to various prodrugs, offering valuable insights into the design and 

development of novel prodrugs with enhanced therapeutic outcomes. 

While this study provides valuable insights into the hydrolysis of fluoxetine prodrugs, several 

limitations should be acknowledged. One of the key limitations is the exclusive reliance on 

butyrylcholinesterase (BChE) for hydrolysis testing. Although BChE is a well-known enzyme for ester 

hydrolysis, it may not fully represent the diversity of enzymes involved in prodrug hydrolysis in vivo. 

Other esterases, such as carboxylesterases or cholinesterases, could contribute to prodrug activation in 

different tissues or under specific physiological conditions. Future studies should investigate the 

involvement of a broader range of esterases to better understand how prodrugs are hydrolyzed in 

various biological environments. 

Moreover, this study was conducted in an in vitro setting using human plasma, which may not fully 

reflect the complexity of prodrug metabolism and pharmacokinetics in vivo. Factors such as enzyme 

expression levels, tissue-specific distribution, and absorption rates could influence the bioavailability 

and pharmacokinetics of the prodrugs in living organisms. In vivo studies are necessary to evaluate the 

pharmacokinetic profiles, toxicity, and therapeutic efficacy of these prodrugs in a more realistic 

biological context. 

Finally, this study focused on a specific set of acyl groups for the prodrug derivatives. However, the 

selection of acyl groups may not encompass the full range of possible modifications that could impact 

hydrolysis rates and prodrug effectiveness. Future studies should explore a wider variety of acyl groups 



 

 

with larger or more diverse chemical structures to better understand how different modifications 

influence prodrug hydrolysis and therapeutic outcomes.  

Several key areas of future research should be pursued to address this study's limitations and expand 

on the findings. First, the involvement of other esterases, such as carboxylesterases and 

cholinesterases, should be investigated to provide a more comprehensive understanding of prodrug 

hydrolysis in vivo. Exploring the contribution of tissue-specific esterases to prodrug activation could 

help elucidate the factors influencing prodrug bioavailability and release.  Second, in vivo studies are 

essential for assessing the pharmacokinetics, bioavailability, and toxicity of fluoxetine prodrugs in 

living organisms. These studies will provide valuable insights into how the prodrugs perform in more 

complex biological systems and help determine their therapeutic potential. Additionally, future 

research could focus on optimizing prodrug design through computational modeling and structure-

activity relationship (SAR) analysis to predict the interaction of prodrugs with esterases and other 

enzymes. 

 

Lastly, exploring alternative prodrug strategies, such as self-immolation prodrugs or nanoparticle-

based drug delivery systems, could further enhance the controlled release and targeted delivery of 

fluoxetine. These approaches may offer additional benefits in improving drug efficacy, reducing side 

effects, and enabling site-specific drug release. 

 

 

 

 

CONCLUSIONS 

This study successfully synthesized and evaluated a series of fluoxetine derivatives (A1–A5) modified 

with acyloxyalkyl carbamate groups. The hydrolysis assays in human plasma demonstrated that drug 

release rates depended on the steric properties of the substituents, with A1 exhibiting the fastest 

hydrolysis. The results highlight the role of esterases, particularly butyrylcholinesterase, in prodrug 

activation, offering controlled release and enhanced bioavailability.Future studies should explore 

additional esterases, conduct in vivo assessments, and investigate alternative chemical modifications 



 

 

to optimize prodrug design. This research provides a strong foundation for developing fluoxetine 

prodrugs with improved therapeutic outcomes. 
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