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Abstract: The oral use of 5-fluorouracil is being deserted in the last decades due to its atypical intestinal
absorption, which is primarily attributed to the mutable activity of dihydropyrimidine dehydrogenase
located in the gastrointestinal mucosa. In this work, a coumarin-based prodrug system was utilized to
synthesize a novel mutual prodrug of 5-fluorouracil and 5-ethynyluracil. This prodrug was designed to
afford a concurrent release of these two active drugs resulting in the improvement of the therapeutic
efficacy of both. The synthetic pathway involved 7 linear steps starting from coumarin. The chemical
structures of the intermediates and prodrug were established by analyzing their FTIR, 1H-NMR, and
13C-NMR spectra. The in vitro chemical stability of the synthesized prodrug was tested in the HCl buffer
(pH 1.2) and phosphate-buffered saline (pH 6.8), while its ability to release the active moieties was
studied in human serum. The outcomes of these in vitro studies revealed that the prodrug showed a
significant stability in the HCl buffer and phosphate-buffered saline with half-lives of 33.19 h and 18.13
hr respectively, obeying pseudo-first-order kinetics. Also, the prodrug was able to release the two active
components in human serum with a half-life of 4.62 h obeying zero-order kinetics. It is concluded that
the synthesized prodrug represents a promising oral prodrug of 5-fluorouracil and 5-ethynyluracil to
serve better in therapeutics.
Keywords: Coumarin-based prodrug, 5-fluorouracil, 5-ethynyluracil, kinetics

1. Introduction
Since its ingenious design and synthesis in 1957, 5-fluorouracil (5-FU) has been authenticated for
the management of many tumor phenotypes [1]. However, the functionality of this cytotoxic drug in the
chemotherapy is being doubted because of its severe adverse effects, poor targetability, and mounting
tumor resistance [2, 3]. To handle these limitations, many approaches have been applied such as the
modulation of the administration schedules [4], alteration of the metabolic pathways [5], development
of new fluorinated pyrimidines [6], and synthesis of prodrugs [7].
5-FU itself is a prodrug that must be activated inside the cell via several metabolic steps and pathways
[8]. The hepatic dihydropyrimidine dehydrogenase (HDPD) represents the cornerstone in the
extracellular deactivation of the majority of 5-FU dose [7]. As an oral antitumor agent, the use of 5-FU
was deserted in the last decades due to its atypical intestinal absorption that results in irregular plasma
levels with marked inter- and intra-individual variations [9]. This is primarily attributed to the mutable
activity of HDPD located in the gastrointestinal mucosa [10].
To avoid the negative impact of HDPH on the 5-FU bioavailability, its inhibition has been nominated
as a potential target for improving the 5-FU chemotherapy [11]. Through many investigated compounds,
uracil analogues substituted at position 5 were shown as the potent HDPD inactivators [12], among them,
5-ethynyluracil (5-EU) is the best one [13].
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In the past four decades, great attention has been directed to the design and synthesis of coumarinbased prodrugs in an attempt to enhance the therapeutic efficacy of many drugs [14]. This type of
prodrug is utilized for alcohol- and amine-containing compounds to improve their lipophilicity [15] and
minimize their metabolic inactivation [16]. Coumarin-based prodrug system as shown in Scheme 1
offers several advantages such as the facile release of the active agent (s) as the prodrug attacks by
esterase enzyme [17]. Also, the release rate can be modulated by the presence of different substitutions
on the coumarin backbone [18], and the final product from the release process, coumarin, is safe [19].

Figure 1. The activation steps of coumarin-based prodrug system

This study aims to employ the coumarin-based prodrug system for synthesizing a mutual oral
prodrug. Upon activation, this prodrug may release two active moieties, which are 5-FU and 5-EU.
Following synthesis, the prodrug was evaluated for its chemical stability and release profile.

2. Materials and methods
The chemicals and solvents utilized for synthesizing the prodrug and studying its in vitro release
were purchased from international sources. The instruments used to confirm the chemical structure of
this prodrug were Shimadzu LCMS-2020 with an electrospray ionization source to scan the mass
spectrum, Bruker Avance DRX-400 MHz to identify the NMR spectra, and Bruker-Alpha ATR-FTIR
to screen the IR spectrum. The equipment employed to specify the UV spectra of the synthesized prodrug
and its reaction intermediates was Varian UV/Visible spectroscopy. Also, the same instrument was used
to follow the in vitro stability and release studies. Thin-layer chromatography (TLC) was used to check
the progress of the reactions and purity of the products. The precoated silica gel plates (60G F254,
Merck) and the eluent system of chloroform: acetone (4:1) were used as stationary and mobile phases
respectively.
2.1. Chemical synthesis
The synthetic strategy followed for the synthesis of the coumarin-based prodrug is illustrated in
Scheme 2.
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Figure 2. Synthetic pathway of the prodrug
2.2.1. Synthesis of 1-hydroxymethyl-5-fluorouracil (a)
The mixture of formaldehyde (5 mL, 37%) and 5-FU (1.04 g, 8 mmol) in 25 mL H2O was
magnetically agitated at 60°C until a solution formed (~ 45 min). The resultant solution was vaporized
to dryness under reduced pressure, and the titled product was recrystallized from ethanol [20].
(a): White powder; % yield=70; mp=194-196°C; Rf =0.24; C5H5FN2O3; λmax (MeOH)=290 nm;
FTIR (ν, cm-1, stretching): 3420 (O-H), 3012 (=C-H), 2891 (-C-H), 1673 (C=O), 1052 (C-F); 1H-NMR
(DMSO-d6, 400 MHz): δ= 10.24 (1H, s, NH), 7.94 (1H, s, =CH), 5.11 (2H, s, CH2), 3.56 (1H, s, OH)
ppm; 13C-NMR (DMSO-d6, 100 MHz): δ= 158.1 (FC-C=O), 148.3 (HN-C=O), 140.6 (C-F), 126.3
(C=CF), 73.4 (CH2-OH) ppm.
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2.2.2. Synthesis of (Z)-2-(3-hydroxypropenyl)phenol (b)
In an ice bath, the solution of coumarin (25 mmol, 3.65 g) in 50 mL dry ether was handled with the
solution of lithium aluminum hydride (50 mmol, 1.9 g, LiAlH4) in 50 mL dry ether. The resultant mixture
was stirred for 15 min and subsequently treated with HCl (27 mL, 5%) affording solution of pH 5. The
crude was extracted by ether (3×50 mL), and the organic layer was dehydrated over Na2SO4, filtered,
and vaporized. The titled product was recrystallized from EtOH [21].
(b): White powder; % yield=39; mp=148-150°C; Rf =0.34; C9H10O2; λmax (MeOH)=286 nm; FTIR
(ν, cm-1, stretching): 3235, 3202 (O-H), 3046 (=C-H), 2918 (-C-H),1642, 1588 (C=C); 1H-NMR
(DMSO-d6, 400 MHz): δ= 7.62, 7.24, 7.01, 6.83 (4H, m, aromatic), 6.94 (1H, d, ph-CH=), 6.08 (1H, q,
=CH-CH2OH), 5.52 (1H, s, ph-OH), 4.26 (2H, d, HO-CH2), 3.62 (1H, s, CH2-OH) ppm; 13C-NMR
(DMSO-d6, 100 MHz): δ= 159.3 (Ar C-OH), 130.1, 127.4, 122.3, 119.6 (Ar C), 126.5 (Ar C-CH=),
125.0 (=CH-CH2), 115.6 (Ar C-CH=), 53.2 (CH2-OH) ppm.
2.2.3. Synthesis of (Z)-2-(3-(tert-butyldimethylsilyloxy)propenyl)phenol (c)
In an ice bath, the solution of (b) (22.8 mmol, 3.43 g) in 40 mL dry THF was handled with the
solution of tert-butyldimethylsilyl chloride (25 mmol, 3.79 g, TBDMS-Cl) in 35 mL dry THF. To the
resultant mixture, a solution of 4-dimethylaminopyridin (34 mmol, 4.18 g, DMAP) in 40 mL dry THF
was dropwise added. The reaction mixture was stirred for 14 h, filtered, and vaporized to dryness. The
crude was dissolved in EtOAc (50 mL) and washed serially with HCl (50 mL, 1N), NaHCO3 (25 mL,
5%), and H2O (25 mL). The organic layer was dehydrated over Na2SO4, filtered, and vaporized. The
titled product was recrystallized from CHCl3 [21].
(c): White powder; % yield=73; mp=122-124°C; Rf =0.56; C15H24O2Si; λmax (MeOH)=281 nm; FTIR
(ν, cm-1, stretching): 3412 (O-H), 3052 (=C-H), 2911, 2865 (-C-H),1644, 1587 (C=C), 942 (Si-O); 1HNMR (DMSO-d6, 400 MHz): δ= 7.60, 7.25, 7.01, 6.82 (4H, m, aromatic), 6.92 (1H, d, ph-CH=), 6.04
(1H, q, =CH-CH2), 5.56 (1H, s, ph-OH), 4.48 (2H, d, Si-O-CH2), 1.41 (9H, s, CH3-C-Si), 0.48 (6H, s,
Si-CH3) ppm; 13C-NMR (DMSO-d6, 100 MHz): δ= 159.0 (Ar C-OH), 130.6, 128.1, 124.2, 119.8 (Ar
C), 126.2 (Ar C-CH=), 125.2 (=CH-CH2), 115.1 (Ar C-CH=), 52.4 (CH2-O-Si), 33.2 (O-Si-C-), 26.4
(Si-C-CH3), 12.3 (Si-CH3) ppm.
2.2.4. Synthesis of (Z)-2-(3-((tert-butyldimethylsilyl)oxy)prop-1-en-1-yl)phenyl ((5-fluoro-2,4dioxo-3,4-dihydropyrimidin-1(2H)-yl)methyl) malonate (d)
To a mixture of (c) (10 mmol, 2.65 g) and (a) (10 mmol, 1.60 g) in 50 mL dry CHCl3, malonyl
chloride (10 mmol, 1 mL) was added. The reaction mixture was refluxed for 3 h with constant stirring.
The reaction advancement was followed by TLC using a mixture of EtOAc: ether as an eluent. The
reaction mixture was washed with water (5×50 mL), and the organic layer was dehydrated over
anhydrous Na2SO4, concentrated under reduced pressure, and eluted in column chromatography by a
mixture of CHCl3: EtOH (2:1) affording the titled product [21].
(d): White powder; % yield=79; mp=96-98°C; Rf =0.31; C23H29FN2O7Si; λmax (MeOH)=307 nm;
FTIR (ν, cm-1, stretching): 3019 (=C-H), 2914, 2859 (-C-H), 1722 (C=O, ester), 1673 (C=O, amide),
1641, 1588 (C=C), 1058 (C-F), 942 (Si-O); 1H-NMR (DMSO-d6, 400 MHz): δ= 10.18 (1H, s, NH), 8.02
(1H, s, FC=CH), 7.82, 7.72, 7.34, 6.27 (4H, m, aromatic), 6.95 (1H, d, ph-CH=), 6.08 (1H, q, =CHCH2), 5.96 (2H, s, N-CH2-O), 4.56 (2H, d, Si-O-CH2), 3.26 (2H, s, O=C-CH2-C=O), 1.40 (9H, s, CH3C-Si), 0.43 (6H, s, Si-CH3) ppm; 13C-NMR (DMSO-d6, 100 MHz): δ= 168.6, 167.4 (O=C-O), 157.8
(FC-C=O), 150.2 (N-C=O), 148.1 (Ar C-O-), 142.8 (C-F), 130.1, 128.4, 124.1, 118.3 (Ar C), 129.2 (Ar
C-CH=), 127.2 (FC=CH), 124.4 (=CH-CH2), 120.2 (Ar C-CH=), 80.2 (N-CH2-O), 52.4 (CH2-O-Si),
42.4 (O=C-CH2-C=O), 33.1 (O-Si-C-), 26.4 (Si-C-CH3), 12.2 (Si-CH3) ppm.

2.2.5. Synthesis of (Z)-(5-fluoro-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)methyl (2-(3-hydroxRev. Chim., 71 (12), 2020, 97-108

100

https://doi.org/10.37358/RC.20.12.8390

Revista de Chimie
https://revistadechimie.ro
https://doi.org/10.37358/Rev.Chim.1949

yprop-1-en-1-yl)phenyl) malonate (e)
Derivative (d) (4 mmol, 1.97 g) was dissolved in a mixture of H2O (10 mL), THF (10 mL), and
AcOH (30 mL). After stirring for 60 min at 50ᴼC, the mixture was vaporized under reduced pressure.
The crude was dissolved in 50 mL EtOAc, and the resulted solution was washed with 5 % NaHCO3 (50
mL, 5%) and H2O (50 mL). The EtOAc layer was dehydrated over Na2SO4, filtered, and vaporized under
reduced pressure. The target product was recrystallized from EtOH [22].
(e): White powder; % yield=92; mp=106-108°C; Rf =0.26; C17H15FN2O7; λmax (MeOH)=302 nm;
FTIR (ν, cm-1, stretching): 3186 (O-H), 3025 (=C-H), 2914, 2873 (-C-H), 1725 (C=O, ester), 1670 (C=O,
amide), 1644, 1582 (C=C), 1046 (C-F); 1H-NMR (DMSO-d6, 400 MHz): δ= 10.22 (1H, s, NH), 8.00
(1H, s, FC=CH), 7.80, 7.73, 7.36, 6.28 (4H, m, aromatic), 6.94 (1H, d, ph-CH=), 6.01 (1H, q, =CHCH2), 5.95 (2H, s, N-CH2-O), 4.55 (2H, d, CH2-OH), 3.52 (1H, s, OH), 3.28 (2H, s, O=C-CH2-C=O)
ppm; 13C-NMR (DMSO-d6, 100 MHz): δ= 168.2, 167.6 (O=C-O), 157.5 (FC-C=O), 150.7 (N-C=O),
148.3 (Ar C-O-), 142.9 (C-F), 130.0, 128.5, 124.8, 118.1 (Ar C), 129.4 (Ar C-CH=), 127.6 (FC=CH),
124.3 (=CH-CH2), 120.0 (Ar C-CH=), 80.0 (N-CH2-O), 52.7 (CH2-OH), 42.5 (O=C-CH2-C=O) ppm.
2.2.6. Synthesis of (Z)-(5-fluoro-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)methyl (2-(3-oxoprop-1en-1-yl)phenyl) malonate (f)
Derivative (e) (4 mmol, 1.51 g) and MnO2 (20 mmol, 1.74 g) were suspended in CHCl3 (30 mL) and
refluxed for 20 h. The hot mixture was filtered, and the resulted solid washed with 30 mL warm CHCl3.
The collected organic layer was vaporized under reduced pressure, and the crude was dissolved in 30
mL acetone and filtered. The solution was vaporized affording the target product [21].
(f): White powder; % yield=66; mp=119-121°C; Rf =0.31; C17H13FN2O7; λmax (MeOH)=318 nm;
FTIR (ν, cm-1, stretching): 3017 (=C-H), 2907, 2880 (-C-H), 1723 (C=O, ester), 1704 (C=O, CHO),
1667 (C=O, amide), 1644, 1581 (C=C), 1050 (C-F); 1H-NMR (DMSO-d6, 400 MHz): δ= 10.16 (1H, s,
NH), 9.85 (1H, d, CHO), 8.02 (1H, s, FC=CH), 7.83, 7.74, 7.35, 6.29 (4H, m, aromatic), 6.89 (1H, d,
ph-CH=), 6.00 (1H, t, =CH-CHO), 5.98 (2H, s, N-CH2-O), 3.32 (2H, s, O=C-CH2-C=O) ppm; 13C-NMR
(DMSO-d6, 100 MHz): δ= 188.2 (CHO), 167.8, 165.9 (O=C-O), 158.2 (FC-C=O), 150.7 (N-C=O), 146.4
(Ar C-O-), 141.0 (C-F), 130.2, 128.5, 124.2, 118.8 (Ar C), 129.6 (Ar C-CH=), 126.9 (FC=CH), 124.2
(=CH-CHO), 120.8 (Ar C-CH=), 80.5 (N-CH2-O), 42.2 (O=C-CH2-C=O) ppm.
2.2.7. Synthesis of (Z)-3-(2-((3-((5-fluoro-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)methoxy)-3oxo-propanoyl)oxy)phenyl)acrylic acid (g)
An aqueous solution prepared by dissolving (7.33 mmol, 660 mg) of NaClO2 in 10 mL H2O was
added slowly to a stirred mixture of derivative (f) (4 mmol, 1.50 g), NaH2PO4 (0.85 mmol, 102 mg), and
H2O2 (30%, 4.17 mmol, 0.5 mL) in 25 mL ACN. Throughout the addition process, the temperature of
the reaction was preserved below 10ᴼC using an ice-water bath, and the oxygen bubbles were observed
from the reaction mixture. As the formation of the bubbles stopped, Na2SO3 (0.05 g) was added to
devastate the unreacted H2O2 and HOCl. By using 1N HCl, the reaction mixture was acidified to pH 2
and then extracted with 50 mL EtOAc. The organic layer was washed with 25 mL brine, dehydrated
over Na2SO4, filtered, and vaporized. The crude was dissolved in ACN, treated with aqueous NaHCO3
solution to pH 6.5, and filtered. The target product was separated as the filtrate acidified to pH 3 by 1N
HCl [21].
(g): White powder; % yield=82; mp=134-136°C; Rf =0.27; C17H13FN2O8; λmax (MeOH)=323 nm;
FTIR (ν, cm-1, stretching): 3057 (=C-H), 3002 (OH), 1740 (C=O, COOH), 1722 (C=O, ester), 1666
(C=O, amide), 1644, 1580 (C=C), 1046 (C-F); 1H-NMR (DMSO-d6, 400 MHz): δ= 10.64 (1H, s,
COOH), 10.18 (1H, s, NH), 8.03 (1H, s, FC=CH), 7.83, 7.74, 7.35, 6.30 (4H, m, aromatic), 6.88 (1H,
d, ph-CH=), 6.24 (1H, d, =CH-COOH), 5.92 (2H, s, N-CH2-O), 3.36 (2H, s, O=C-CH2-C=O) ppm; 13CNMR (DMSO-d6, 100 MHz): δ= 171.4 (COOH), 168.2, 166.4 (O=C-O), 158.6 (FC-C=O), 150.6 (NC=O), 146.8 (Ar C-O-), 141.1 (C-F), 130.5, 128.5, 124.5, 118.8 (Ar C), 129.9 (Ar C-CH=), 126.4
(FC=CH), 120.7 (Ar C-CH=), 116.2 (=CH-COOH), 80.0 (N-CH2-O), 42.5 (O=C-CH2-C=O) ppm.
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2.2.8. Synthesis of (Z)-2-(3-(5-ethynyl-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-3-oxoprop-1-en1-yl)phenyl ((5-fluoro-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)methyl) malonate (Prodrug)
To a solution of (g) (2 mmol, 0.78 g) in 50 mL freshly distilled DMSO placed in an ice-water bath,
5-EU (2 mmol, 0.27 g), DCC (2.4 mmol, 0.5 g), DMAP (0.17 mmol, 20 mg), and TEA (2 mmol, 0.3
mL) were added serially. The mixture was stirred at room temperature for 18 h. Then, the reaction
mixture was treated with MeOH (5 mL), and AcOH (0.5 mL), stirred for 60 min, and neutralized with
aqueous NaHCO3 solution. The precipitate was filtered, the filtrate was vaporized, and the crude was
washed with H2O. The prodrug was crystallized from a mixture of EtOH: CHCl3 (2:1.5) [21].
(Prodrug): White powder; % yield=78; mp=156-158°C; Rf =0.23; C23H15FN4O9; λmax (MeOH)=320
nm; FTIR (ν, cm-1, stretching): 3062 (=C-H), 2925, 2891 (-C-H), 2190 (C≡C), 1725 (C=O, ester), 1668
(C=O, amide), 1648, 1580 (C=C), 1043 (C-F); 1H-NMR (DMSO-d6, 400 MHz): δ= 10.18 (2H, s, NH),
8.19 (1H, s, =CH-N), 8.06 (1H, s, FC=CH), 7.84, 7.71, 7.37, 6.27 (4H, m, aromatic), 6.92 (1H, d, phCH=), 6.22 (1H, d, =CH-CO), 5.94 (2H, s, N-CH2-O), 3.36 (2H, s, O=C-CH2-C=O), 3.11 (1H, s, ≡CH)
ppm; 13C-NMR (DMSO-d6, 100 MHz): δ= 168.5, 166.4 (O=C-O), 162.6 (=C-C=O), 160.2 (O=C-NC=O), 158.6 (FC-C=O), 152,4, 150.7 (N-C=O), 147.2 (Ar C-O-), 142.6 (C-F), 130.2, 128.5, 124.6,
118.5 (Ar C), 129.1 (Ar C-CH=), 126.0 (FC=CH), 124.4 (N-CH=C-), 122.9 (=CH-C=O), 121.1 (Ar CCH=), 105.4 (=C-C≡CH), 83.5 (=C-C≡CH), 80.1(=C-C≡CH), 78.9 (N-CH2-O), 42.8 (O=C-CH2-C=O)
ppm.
2.3. In vitro kinetic studies
2.3.1. Chemical stability
The chemical stability of the synthesized prodrug was investigated in buffers with two pH values,
which are HCl (pH 1.2) buffer and phosphate-buffered saline (pH 6.8) [23]. This study was monitored
via UV/Visible spectroscopy for dropping in prodrug concentration versus time utilizing the following
mathematical formula of Beer’s law [24]: Absorbance = Ԑ × L × C.
C represents the prodrug concentration, L represents the path length (2 cm) of the cell holder, and Ԑ
represents the absorbance coefficient.
Briefly, a preheated solution of prodrug (5 μmol) in 2 mL DMSO was mixed with 48 mL preheated
buffer solution. The time was begun to record, and the resulted solution was preserved at a 37°C utilizing
a warm water bath. Subsequently, the solution was split into a group of 10 test tubes; each one contains
5 mL. For the time interval of 0.5, 1, 1.5, 2, 2.5, 3, 3.5, or 4 h, an individual test tube was elected and its
content was mixed with 2 mL CH2Cl2. The aqueous aliquot (2 mL) was estimated spectrophotometrically
at defined λmax to detect the residual concentration of the prodrug [25].
2.3.2. Enzymatic hydrolysis
A similar procedure to that followed for investigating the chemical stability was employed to monitor
the hydrolysis of the synthesized prodrug in a human serum. The exceptions are the replacement of the
buffer solution with the serum, and that the study was conducted by following the increase in the
concentration of 5-EU versus time [26]. The concentration of 5-EU was monitored since this agent is the
final product released from the mutual prodrug under the influence of esterase enzyme as shown in
Scheme 3.
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Figure 3. The hypothetical release of 5-FU and 5-EU from the
prodrug in human serum

3. Results and discussions
3.1. Rationalization of the prodrug design
The synthesized mutual prodrug was designed in an attempt to optimize the clinical usefulness of 5FU as an oral drug. This aim was attained by meeting three issues. The first is the selection of the prodrug
type that enhances the lipophilicity of 5-FU, minimizes its destruction via HDPD, and provides the
opportunity of the mutual effect. In this concern, the values of log P for the 5-FU, 5-EU, and the target
prodrug were found to be -0.90, -0.51, and 1.76 respectively. This indicates that the target prodrug has
better lipophilicity than those of its precursor drugs which may improve the oral bioavailability of 5-FU.
Also, the concurrent release of 5-FU and 5-EU may reduce the destruction of 5-FU by HDPD affording
a mutual action.
The second issue is the investigation of the prodrug stability in media with pH values simulating
those found in the gastrointestinal tract. The last one is the ability of the synthesized prodrug to release
5-FU and 5-EU concurrently with an acceptable half-life (t1/2) in a human serum.
3.2 Synthetic pathway
The pathway followed for the synthesis of the coumarin-based prodrug involved a linear sequence
of 7 steps as shown in Scheme 2, and represents a simple variation to that reported by Mustafa and AlOmari [21]. This variation involved the utilization of malonyl linkage to connect the phenolic hydroxyl
group of the carrier molecule with that of compound (a). Coumarin was reduced under highly-controlled
conditions into an open ring diol by LiAlH4. The temperature was kept below 0°C and the reaction time
under 15 min to avoid the reduction of the exocyclic double bond, and the catalyst was in high purity to
minimize the side reactions. The resulted allylic hydroxyl group was selectively protected as silyl ether
utilizing TBDMS-Cl in the second step. In the following step, the phenolic hydroxyl group has
participated with the previously prepared compound (a) in the formation of diester linkage using malonyl
chloride as an anchor. In the fourth step, the allylic hydroxyl group was deprotected by an acid and
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subsequently oxidized into allylic aldehyde by a selective oxidizing agent, MnO2, in the following step.
NaClO2 and H2O2 were involved in the oxidation of the allylic aldehyde to allylic carboxylic acid, which
was coupled with 5-EU via DCC affording the target prodrug in the last synthetic steps.
3.3 In vitro kinetic studies
3.3.1 Chemical stability
Under experimental conditions, the prodrug exhibited a considerable chemical stability in the HCl
buffer and phosphate-buffered saline obeying pseudo-first-order kinetics with half-lives of 33.19 h and
18.13 h, respectively. This stability may be contributed to the steric hindrance around the ester linkages
affording great stability versus nucleophilic attack [27]. Also, this finding revealed that the prodrug may
be passed intact through the media with a pH range simulating to that found in the gastrointestinal tract
[28].
Although the hydrolysis of the prodrug in the utilized buffers depends on two factors including the
concentrations of the prodrug and attacking agent, the kinetics was reported to be pseudo-first-order
[29]. This is due to that the concentration of the attacking agent is extremely high in comparison with
that of the prodrug leading to omit its influence on the kinetics of hydrolysis [30].
3.3.2. Release study
The prodrug was able to liberate 5-FU and 5-EU obeying zero-order kinetics with half-life equals to
4.62 h. This finding revealed that the prodrug could reach the target with a good circulating time and
liberate the two active moieties [31]. From the kinetics phenotype, it is concluded that the prodrug can
be taken orally in a low-frequency fashion [32] resulting in the improvement of the patient compliance
[33].
The outcomes of the in vitro kinetic studies are listed in Tables 1-3, while the resulted kinetic
parameters are displayed in Table 4. Figure 1 showed the graphical representation of the relationship
between the released concentration of 5-EU and the time.
Table 1. Kinetic outcomes acquired from the stability study in HCl (pH 1.2) buffer
Absorbance

Time (hr)

x (M×106)

a-x (M×106)

ln a/a-x

0.1328
0.1316
0.1303
0.1288
0.1282
0.1267
0.1258
0.1240
0.1231

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0

0.0000
0.9411
1.8742
3.0120
3.4639
4.6256
5.2711
6.6265
7.2786

100.0000
99.0589
98.1258
96.9880
96.5361
95.3744
94.7289
93.3735
92.7214

0.0000
0.0095
0.0189
0.0306
0.0353
0.0474
0.0542
0.0686
0.0756

a = Prodrug concentration at zero time that equals to 100 M, and (a-x) = Residual concentration of prodrug at defined time.

Table 2. Kinetic outcomes acquired from the stability study in phosphate-buffered saline (pH 6.8)
Absorbance

Time (hr)

x (M×106)

a-x (M×106)

ln a/a-x

0.1301
0.1280
0.1259
0.1240
0.1215
0.1198
0.1177
0.1162
0.1140

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0

0.0000
1.6329
3.2414
4.6887
6.6103
7.9020
9.5311
10.6841
12.3422

100.0000
98.3671
96.7586
95.3113
93.3897
92.0980
90.4689
89.3159
87.6578

0.0000
0.0165
0.0330
0.0480
0.0684
0.0823
0.1002
0.1130
0.1317

Rev. Chim., 71 (12), 2020, 97-108

104

https://doi.org/10.37358/RC.20.12.8390

Revista de Chimie
https://revistadechimie.ro
https://doi.org/10.37358/Rev.Chim.1949

Table 3. Kinetic outcomes acquired from the in vitro release study in human serum
Absorbance

Time (h)

x (M×106)

0.0000
0.0954
0.0989
0.1032
0.1079
0.1118
0.1167
0.1216
0.1267

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0

00.0000
5.8080
11.7207
17.4477
22.4918
27.9017
33.4394
38.9771
44.6184

Table 4. Kinetic parameters acquired from in vitro kinetic studies
HCl (pH 1.2) buffer
Ԑ

= 284 L mol-1 cm-1
λmax = 281 nm
t1/2 = 33.19 h
kobs = 5.8×106 h-1

phosphate-buffered saline (pH 6.8)
Ԑ

= 298 L mol-1 cm-1
λmax = 312 nm
t1/2 = 18.13 h
kobs = 10.62×106 h-1

Serum
Ԑ = 1930.86 L mol-1 cm-1
λmax = 292 nm
t1/2 = 4.62 h
kobs = 10.83×106 M.h-1

Figure 4. Graphical representation of the relationship between the
released concentration of 5-EU and the time in human serum

4. Conclusions
This work concluded that 5-FU and its potent metabolic modulator, 5-EU, could be incorporated into
one chemical entity utilizing a coumarin-based prodrug system. Based on the in vitro kinetic studies, the
synthesized mutual prodrug was stable in the media of pH values simulating those found in the
gastrointestinal tract. Also, the prodrug was able to release 5-FU and 5-EU obeying zero-order kinetics
with a half-life of 4.62 h in a human serum. The value of this half-life allows the prodrug to reach intact
to the target eliciting an improvement in the therapeutic efficacy. Accordingly, the synthesized prodrug
may represent a potential candidate as an oral form of 5-FU with improved lipophilicity and efficacy to
serve better in therapeutics.
References
1.CUI, Q. N., HSIA , Y. C., LIN , S. C., STAMPER , R. L., ROSE-NUSSBAUMER, J., MEHTA , N.,
PORCO, T. C., NASERI, A., HAN, Y. “Effect of mitomycin c and 5-flurouracil adjuvant therapy on the
outcomes of Ahmed glaucoma valve implantation,” Clin. Exp. Ophthalmol., vol. 45, no. 2, pp. 128–134,
2017, doi: 10.1111/ceo.12811.
Rev. Chim., 71 (12), 2020, 97-108

105

https://doi.org/10.37358/RC.20.12.8390

Revista de Chimie
https://revistadechimie.ro
https://doi.org/10.37358/Rev.Chim.1949

2.KIM, D. S., MIN, K., LEE, S. K. “Cell Cycle Dysregulation Is Associated With 5-Fluorouracil
Resistance in Gastric Cancer Cells,” Anticancer Res., vol. 40, no. 6, pp. 3247–3254, 2020,
doi: 10.21873/anticanres.14306.
3.BLONDY, S., DAVID, V., VERDIER, M., MATHONNET, M., PERRAUD, A., CHRISTOU, N. “5Fluorouracil resistance mechanisms in colorectal cancer: From classical pathways to promising
processes,” Cancer Sci., vol. 111, no. 9, pp. 3142–3154, 2020, doi: 10.1111/cas.14532.
4.ZHU, G., ZHAO, M., HAN, Q., TAN, Y., SUN, Y. M. BOUVET, S. R. SINGH, J. YE, R. M. Hoffman,
“Combination of Trabectedin with Oxaliplatinum and 5-Fluorouracil Arrests a Primary Colorectal
Cancer in a Patient-derived Orthotopic Xenograft Mouse Model,” Anticancer Res., vol. 39, no. 11, pp.
5999–6005, 2019, doi: 10.21873/anticanres.13805.
5.NISHIZAWA, Y., IKEDA, R., YAMAMOTO, M., KAWAHARA, K., SHINSATO, Y., MINAMI,
K., NITTA, M., TERAZONO, H., AKIYAMA, S. I., FURUKAWA, T., TAKEDA, Y. “5-aza-2deoxycytidine enhances the sensitivity of 5-fluorouracil by demethylation of the thymidine
phosphorylase promoter,” Anticancer Res., vol. 39, no. 8, pp. 4129–4136, 2019,
doi: 10.21873/anticanres.13571.
6.CAVALIERE, A., PROBST, K. C., WESTWELL, A. D., SLUSARCZYK, M. “Fluorinated nucleosides as an important class of anticancer and antiviral agents,” Future Med. Chem., vol. 9, no. 15, pp.
1809–1833, 2017, doi: 10.4155/fmc-2017-0095.
7.PASBAN, S., RAISSI, H., PAKDEL, M., FARZAD, F. “Enhance the efficiency of 5-fluorouracil
targeted delivery by using a prodrug approach as a novel strategy for prolonged circulation time and
improved permeation,” Int. J. Pharm., vol. 568, no. July, p. 118491, 2019,
doi: 10.1016/j.ijpharm.2019.118491.
8.MINDT, S., AIDA, S., MERX, K., MÜLLER, A., GUTTING, T., HEDTKE, M., NEUMAIER, M.,
AND HOFHEINZ, R. D. “Therapeutic drug monitoring (TDM) of 5-fluorouracil (5-FU): New preanalytic aspects,” Clin. Chem. Lab. Med., vol. 57, no. 7, pp. 1012–1016, 2019, doi: 10.1515/cclm-20181177.
9.OTA, Y., NAKAMURA, A., ELBORAY, E. E., ITOH, Y., SUZUKI, T. “Design, synthesis, and
biological evaluation of a conjugate of 5-fluorouracil and an LSD1 inhibitor,” Chem. Pharm. Bull., vol.
67, no. 3, pp. 192–195, 2019, doi: 10.1248/cpb.c18-00577.
10.GIRET, S., THÉRON, C., GALLUD, A., MAYNADIER, M., GARY-BOBO, M., GARCIA, M.,
WONGA CHIA MAN, M., CARCEL, C. “A designed 5-fluorouracil-based bridged silsesquioxane as
an autonomous acid-triggered drug-delivery system,” Chem. - A Eur. J., vol. 19, no. 38, pp. 12806–
12814, 2013, doi: 10.1002/chem.201301081.
11.S. F. W., PALOMA R. TUTTLE, A. HASAN HOWLADER, ANNA VASILYEVA, LAURA
GONZALEZ, ANTONIJA TANGAR, RUIPENG LEI, EDUARDO E. LAVERDE, YUAN LIU,
JAROSLAVA MIKSOVSKA, “Fluorescent 5-Pyrimidine and 8-Purine Nucleosides Modified with an
N-Unsubstituted 1,2,3-Triazol-4-yl Moiety,” J Org Chem, vol. 84, no. 6, pp. 3624–3631, 2015,
doi: 0.1021/acs.joc.8b03135.
12.RIVERA, E., CHANG, J. C., SEMIGLAZOV, V., BURDAEVA, O., KIRBY, M. G., SPECTOR, T.
“Eniluracil plus 5-fluorouracil and leucovorin: Treatment for metastatic breast cancer patients in whom
capecitabine treatment rapidly failed,” Clin. Breast Cancer, vol. 14, no. 1, pp. 26–30, 2014, doi:
10.1016/j.clbc.2013.08.018.
13.SLAVÍČKOVÁ, M., JANOUŠKOVÁ, M., ŠIMONOVÁ, A., CAHOVÁ, H., KAMBOVÁ, M.,
ŠANDEROVÁ, H., KRÁSNÝ, L., AND HOCEK, M. “Turning Off Transcription with Bacterial RNA
Polymerase through CuAAC Click Reactions of DNA Containing 5-Ethynyluracil,” Chem. - A Eur. J.,
vol. 24, no. 33, pp. 8311–8314, 2018, doi: 10.1002/chem.201801757.
14.KARTSEV,V., GERONIKAKI, A., BUA, S., NOCENTINI, A., PETROU, A., LICHITSKY, B.,
FRASINYUK, M., LEITANS, J., KAZAKS, A., TARS, K., SUPURAN, C. T. “Extending the inhibition
profiles of coumarin-based compounds against human carbonic anhydrases: Synthesis, biological, and
in silico evaluation,” Molecules, vol. 24, no. 19, pp. 1–12, 2019, doi: 10.3390/molecules24193580.
Rev. Chim., 71 (12), 2020, 97-108

106

https://doi.org/10.37358/RC.20.12.8390

Revista de Chimie
https://revistadechimie.ro
https://doi.org/10.37358/Rev.Chim.1949

15.XIE, Q., WANG, X., WANG, X., JIANG, Z., QIU, Z. “Design , synthesis , and bioavailability
evaluation of coumarin-based prodrug of meptazinol,” Bioorg Med Chem Lett, vol. 15, no. 22, pp. 4953–
4956, 2005, doi: 10.1016/j.bmcl.2005.08.016.
16.WANG, W., CAMENISCH, G., SANE, D. C., ZHANG, H., HUGGER, E., WHEELER, G. L.,
BORCHARDT, R. T., WANG, B. “A coumarin-based prodrug strategy to improve the oral absorption
of RGD peptidomimetics,” J. Control. Release, vol. 65, no. 1–2, pp. 245–251, 2000, doi: 10.1016/s01683659(99)00241-2.
17.WANG, B., ZHANG, H., ZHENG, A., WANG, W. “Coumarin-based prodrugs. Part 3: Structural
effects on the release kinetics of esterase-sensitive prodrugs of amines,” Bioorganic Med. Chem., vol. 6,
no. 4, pp. 417–426, 1998, doi: 10.1016/S0968-0896(98)00014-5.
18.YANG, X., HOU, X., WANG, B., LI, M., FANG, H., “Density functional theory based quantitative
structure-property relationship studies on coumarin-based prodrugs,” Biosci. Trends, vol. 6, no. 4, pp.
234–240, 2012, doi: 10.5582/bst.2012.v6.5.234.
19.ASPATWAR, A., BERRINO, E., BUA, S., CARTA, F., PARKKILA, S., SUPURAN, C. T.,
ASPATWAR, A., BERRINO, E., BUA, S., CARTA, F. “Toxicity evaluation of sulfamides and
coumarins that efficiently inhibit human carbonic anhydrases,” J. Enzyme Inhib. Med. Chem., vol. 35,
no. 1, pp. 1765–1772, 2020, doi: 10.1080/14756366.2020.1822829.
20.MUSTAFA, Y. F., OGLAH, M. K., BASHIR, M. K. “Conjugation of sinapic acid analogues with 5Fluorouracil: Synthesis, preliminary cytotoxicity, and release study,” Syst. Rev. Pharm., vol. 11, no. 3,
pp. 482–489, 2020, doi: 10.5530/srp.2020.3.61.
21.MUSTAFA, Y. F. AL-OMARI, N. A. “Design , Synthesis and Kinetic Study of Coumarin-Based
Mutual Prodrug of 5-Fluorouracil and Dichloroacetic acid,” Iraqi J Pharm Sci, vol. 25, no. 1, pp. 6–16,
2016.
22.MUSTAFA, Y. F. “Synthesis, characterization and antibacterial activity of novel heterocycle,
coumacine, and two of its derivatives,” Saudi Pharm. J., vol. 26, no. 6, pp. 870–875, 2018,
doi: 10.1016/j.jsps.2018.03.010.
23.HWANG, N., PEI, Y., CLEMENT, J., ROBERTSON, E. S., DU, Y. “Identification of a 3-βhomoalanine conjugate of brusatol with reduced toxicity in mice,” Bioorg. Med. Chem. Lett., vol. 30,
no. 23, p. 127553, 2020, doi: 10.1016/j.bmcl.2020.127553.
24.CHI, G., MAN, W., WANG, J., SONG, Y., WONG, J. H., ZHAO, Y., LAU, T. S., LEUNG, K. T.,
CHAN, T. H., WANG, H., KWONG, J., NG, T. B., WANG, C. C. “Therapeutic potential of a novel
prodrug of green tea extract in induction of apoptosis via ERK / JNK and Akt signaling pathway in
human endometrial cancer,” BMC Cancer, vol. 20, no. 1, pp. 1–14, 2020,
doi: https://doi.org/10.1186/s12885-020-07455-3.
25.OGLAH, M. K., KAHTAN BASHIR, M., FAKRI MUSTAFA, Y., MOHAMMED, E. T., KHALIL,
R. R., MUSTAFA, Y. F. “Synthesis and biological activities of 3,5-disubstituted-4-hydroxycinnamic
acids linked to a functionalized coumarin,” Syst. Rev. Pharm., vol. 11, no. 6, pp. 717–725, 2020, doi:
10.31838/srp.2020.6.106.
26.WATANABE, S., VIKINGSSON, S., ROMAN, M., GREEN, H., KRONSTRAND, R.,
WOHLFARTH, A. “In Vitro and In Vivo Metabolite Identification Studies for the New Synthetic
Opioids Acetylfentanyl , Acrylfentanyl , Furanylfentanyl , and 4-Fluoro-Isobutyrylfentanyl,” AAPS J,
vol. 19, no. 4, pp. 1102–1122, 2017, doi: 10.1208/s12248-017-0070-z.
27.LI, M., LIANG, Z., SUN, X., GONG, T., ZHANG, Z. “A polymeric prodrug of 5-fluorouracil-1acetic acid using a multi-hydroxyl polyethylene glycol derivative as the drug carrier.,” PLoS One, vol.
9, no. 11, p. e112888, 2014, doi: 10.1371/journal.pone.0112888.
28.ZHAO, D., ZHANG, H., TAO, W., WEI, W., SUN, J., HE, Z. “A rapid albumin-binding 5-fluorouracil prodrug with a prolonged circulation time and enhanced antitumor activity,” Biomater. Sci., vol.
5, no. 3, pp. 502–510, 2017, doi: 10.1039/c6bm00884d.
29.STROBERG, W., SCHNELL, S. “On the validity and errors of the pseudo-first-order kinetics in
ligand – receptor binding,” Math. Biosci., vol. 287, no. 5, pp. 1–9, 2016,
Rev. Chim., 71 (12), 2020, 97-108

107

https://doi.org/10.37358/RC.20.12.8390

Revista de Chimie
https://revistadechimie.ro
https://doi.org/10.37358/Rev.Chim.1949

doi: 10.1016/j.mbs.2016.09.010.
30.ANZO, K., HARADA, M., OKADA, T. “Enhanced Kinetics of Pseudo First-Order Hydrolysis in
Liquid Phase Coexistent with Ice,” J Phys Chem A, vol. 117, no. 41, pp. 10619–10625, 2013,
doi: https://doi.org/10.1021/jp409126p.
31.ZHANG, L., ALFANO, J., RACE, D. “Zero-order release of poorly water-soluble drug from
polymeric films made via aqueous slurry casting,” Eur J Pharm Sci, vol. 117, no. 5, pp. 245–254, 2019,
doi: 10.1016/j.ejps.2018.02.029.Zero-order.
32.LARACUENTE, M., YU, M. H., MCHUGH, K. J. “Zero-order drug delivery: State of the art and
future prospects,” J. Control. Release, vol. 327, no. 9, pp. 834–856, 2020,
doi: 10.1016/j.jconrel.2020.09.020.
33.WEN, N., DONG, Y., SONG, R., ZHANG, W., SUN, C., ZHUANG, X., GUAN, Y., MENG, Q.,
AND ZHANG, Y. “Zero-Order Release of Gossypol Improves Its Antifertility E ff ect and Reduces Its
Side E ff ects Simultaneously,” Biomacromolecules, vol. 11, no. 6, pp. 1918–1925, 2018,
doi: 10.1021/acs.biomac.7b01648.
Manuscript received: 6.12.2020

Rev. Chim., 71 (12), 2020, 97-108

108

https://doi.org/10.37358/RC.20.12.8390

