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INTRODUCTION

Mutual prodrug is inactive compound consisting of two
parts, each part possess specific therapeutic activity when it
present alone [1]. The two parts linked together either directly,
or by a specific linker to reduce the steric effect between the
two molecules [2]. The most predominant bond that used to
join the two moieties is the ester bond, as it is easily hydrolyzed
by esterase enzyme after reaching to the blood circulation [3].
Mutual prodrugs aimed to potentiate the therapeutic action
and provide synergistic effect for treatment of certain disease
[4,5], reduce the dose of the therapeutically active compounds,
improve the drugs efficacy, optimizing delivary [6] and
alleviate the side effects associated with drug molecules such
as non-steroidal anti-inflammatory drugs [7], which are used
for treatment of different inflammatory conditions as osteo-
arthritis and rheumatoid arthritis [8]. These drugs caused gastric
mucosal ulceration and bleeding [9], due to presence of carboxyl
group in the most of non-selective non-steroidal anti-infla-
mmatory drugs as ketoprofen [10], naproxen [11,12], ibuprofen
[13] and diclofenac [14]. Therefore the temporary masking of
this group through linking with other compound will reduce
their gastric ulceration [15].

Fluoroquinolones are synthetic antibacterial agents, which
are acting through inhibition of bacterial cell replication
[16,17], through suppression of topoisomerase enzymes which
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Four different well-known non-steroidal anti-inflammatory drugs (naproxen, ketoprofen, diclofenac and ibuprofen) were linked to |
gatifloxacin anti-infective drug which possess anti-inflammatory activity, using chloroacetyl chloride as spacer, in order to synthesize a |
novel mutual prodrugs that give synergestic anti-inflammatory effect, in addition to temporary mask the carboxyl group of the non-steroidal
drugs, which reduce the gastric ulceration and bleeding. The chemical structures of the synthesized compounds were confirmed and |
characterized using FT-IR spectroscopy, 'H NMR spectroscopy, elemental microanalysis, melting points and R; values. in vitro hydrolysis |
study of the synthesized mutual prodrugs was performed at different pHs (1.2 and 7.4), which reveal the chemical stability of these |
compounds inside the gastrointestinal tract. While their hydrolysis in 80 % human plasma, was revealed rapid conversion of the four |
synthesized prodrugs inside blood circulation to give the parent drug molecules, with about 40-55 % hydrolysis occur in the first hour. |
|
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considred the key enzymes that responsible for DNA super-
coiling [18], by that prevent bacterial DNA replication and
transcription, which lead to cell apoptosis [19].
Fluoroquinolones as ciprofloxacin [20] and gatifloxacin [21],
inhibit gyrase or topoisomerase II enzyme in gram negative
bacteria [22], while they inhibit topoisomerase IV in gram
positive bacteria [23]. Gatifloxacin is bactericidal drug belong
to the fourth generation flouroquinolones antibacterial group
[24]. It possess extended antimicrobial spectrum, because it is
effective against both gram negative and gram positive bacteria
[25], in addition to its effectiveness against anaerobic pathogen,
bacteriodes-fragilis, mouth anaerobes [26] and a typical
bacteria as Mycoplasma pneumonia [27]. This activity will
attributed to the methoxy group that substituted the hydrogen
atom at C8 position of quinolone ring [28]. It considered as
second line in eradication of tuberculosis in combination with
rifampicin or isoniazid, due to its effectiveness against
Mycobacterium tuberculosis [29].

It was found in addition to the antimicrobial effect of
gatifloxacin, it possess strong anti-inflammatory properties
[30], by its ability to suppress the release of the inflammatory
cytokines from monocytes, macrophage or peripheral lympho-
cytes [31]. It shows inhibitory activity toward the release of
TNF-a and other types of inflammatory mediators [32].
Depen-ding on this background, four NSAIDs were linked to
gatiflo-xacin, through chloroacetyl chloride as spacer, to
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synthesize mutual prodrugs, in order to ameliorate the gastric
ulceration and bleeding associated with the use of NSAIDs,
by esterifi-cation of the carboxyl group, in addition to
potentiate the anti-inflammatory activity and give synergistic
effect.

EXPERIMENTAL

The solvents (anhydrous) and chemicals were of analytical
grade and provided from (Merck Germany; Sigma-Aldrich
Germany; Fluka Switzerland). Melting points were recorded
by capillary tube using thomas hover apparatus (England).
Retention factor (Ry) values were measured through using
ascending thin layer chromatography, to ensure the purity and
progress of the reaction, using ethyl acetate:ethanol (2:3) as
mobile phase [33]. Infrared spectra were recorded at college
of pharmacy, Kufa University, using Fourier transform infrared
(FT-IR) spectrophotometer, by KBr discs. Proton nuclear
magnetic resonance (‘H NMR) spectra were recorded using
NMR ultra shield spectrophotometer 500 MHz, Bruker Avance
IIT (Switzerland) and elemental microanalysis (CHNO) was
recorded using a euro 3000 elemental analyzer (Italy).

Steps of the synthesis of four target compounds and their
intermediates were presented in Scheme-1. The carboxyl group
of gatifloxacin was protected in the form of methyl ester,
through reaction with thionyl chloride in cold methanol to form
an ester, which was undergo reaction with chloroacetyl chloride
to give compound II that reacted with four different non-steroidal
anti-inflammatory drugs (NSAIDs) to give the final target com-
pounds.

Synthesis of methyl-1-cyclopropyl-6-fluoro-8-methoxy-
7-(3-methylpiperazin-1-yl)-4-oxo-1,4-dihydroquinoline-3-
carboxylate (I): Gatifloxacin (2 g, 5.33 mmol), was dissolved
in methanol (50 mL), the solution cold to-15 °C, then thionyl
chloride (0.38 mL, 5.33 mmol) was added drop-wise. The
reaction mixture kept for 3 h at 40 °C, then undergo reflux for
3 h and left overnight at room temperature. Methanol was
evaporated and the residue was redissolved in methanol and
evaporated. The process was repeated until complete removal
of thionyl chloride was achieved. The product crystallized using
ether-ethanol [34]. The description and physical parameters
were represented in Table-1. FT-IR (cm™): 3217 (N-H) stretching
of secondary amine, 3010 (C-H) stretching of aromatic, 1743
(C=0) stretching of ester, 1724 (C=0) stretching of ketone.
CHNO calculated (C,0H,:N;0,F): C, 61.68; H, 6.21; N, 10.79;
0, 16.43 found: C, 62.05; H, 6.16; N, 10.74; O, 16.34; '"H NMR
(DMSO-ds) 6 (ppm): 8.68 (s, 1H, C=C-H), 7.66 (s, 1H, Ar-H),
4.12 (m,1H, CH of cyclopropyl), 3.83 (s,3H,0-CHj3), 3.74 (s,
3H, COO-CHs), 3.54-2.68 (m, 7H, CH, and CH of piperazine),
1.33-1.08 (m, 4H, CH, of cyclopropyl), 1.1 (d, 3H, CH3), 1.08
(m, 1H, NH).

Synthesis of methyl 7-[4-(2-chloroacetyl)-3-methyl-
piperazin-1-yl]-1-cyclopropyl-6-fluoro-8-methoxy-4-oxo-
1,4-dihydroquinoline-3-carboxylate (IT): Compound I (1 g,
2.5 mmol) was dissolved in DMF:CHCl; (25:75) (30 mL) and
TEA (0.34 mL, 2.5 mmol) was added. The mixture was stirred
inice bath and chloroacetyl chloride (0.2 mL, 2.5 mmol in 10 mL
chloroform) was added drop-wise over a period of 1 h, follo-
wed by reflux for 3 h. Then the solvent was evaporated and the
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residue was collected and crystallized by using ethanol [35].
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Scheme-1: Synthesis of target compounds (IIla-IIId) and their intermediates

The description and physical parameters were represented in
Table-1. FT-IR (cm™): 3012 (C-H) stretching of aromatic, 1740
(C=0) stretching of ester, 1720 (C=0) stretching of ketone,
1643 (C=0) stretching of amide, 847 (C-Cl) stretching. CHNO
calculated (C»H2sN;OsCIF): C, 56.71; H, 5.41; N, 9.02; O,
17.17 found: C, 56.95; H, 5.36; N, 8.94; O, 17.10; 'H NMR
(DMSO-ds) & (ppm): 8.68 (s,1H,C=C-H), 7.66 (s,1H,Ar-H),
4.12 (m, 1H, CH of cyclopropyl), 3.83 (s, 3H, O-CHs), 3.71
(s, 3H, COO-CH,), 3.7 (s, 2H, CH,-Cl), 3.67-3.31 (m, 7H,CH,
and CH of piperazine), 1.33-1.07 (m, 4H, CH. of cyclopropyl),
1.1 (d, 3H, CHa).

Coupling reaction of compound II with NSAIDs (IIla-
IIId): A mixture of compound II (2 g, 4.3 mmol) and NSAID
(4.3 mmol), were dissolved in DMF (20 mL), then TEA (0.6
mL, 4.3 mmol) was added. The reaction mixture was stirred
overnight at room temperature. The solvent was evaporated
and the residue was collected and crystallized with ethanol
[35]. The description and physical parameters were represented
in Table-1.

Methyl 1-cyclopropyl-6-fluoro-7-(4-(2-((2-(4-isobutyl-
phenyl)propanoyl)oxy) acetyl)-3-methylpiperazin-1-yl)-8-
methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylate (IIla):
FT-IR (cm™): 2976 and 2832 (C-H) stretching of alkane, 1748
(C=0) stretching of ketone overlape with (C=0) stretching of
ester, 1690 (C=0) of amide. CHNO calculated (C3sHN;O4F):
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TABLE-1
PHYSICO-CHEMICAL PROPERTIES OF THE SYNTHESIZED COMPOUNDS
Compound m.f. m.w. Description Yield (%) m.p. (°C) R; values
I C,H,,N;0O,F 389.42 Pale yellow crystals 83.6 190-192 0.75
1I C,,H,sN;O,CIF 465.91 Pale yellow powder 85.0 200-203 0.89
IIla C;sH,N;OF 635.73 Faint brown oil 55.0 - 0.70
IIIb CysH;N;OF 683.73 Faint yellow oil 46.0 - 0.92
IIlc C5H3N;OF 659.71 Dark yellow powder 48.5 135-138 0.75
IIId C;6H;5N,0,CLF 725.60 Dark yellow powder 38.6 137-140 0.84

C,66.13; H, 6.66; N, 6.61; O, 17.62 found: C, 65.95; H, 6.61;
N, 6.56; O, 17.74; '"H NMR (DMSO-ds) & (ppm): 8.68 (s,1H,
C=C-H), 7.69 (s, 1H, Ar-H of gatifloxacin), 7.17-7.12 (m, 4H,
Ar-H of ibuprofen), 4.97 (s, 2H, O-CH,), 4.12 (m, 1H, CH of cyclo-
propyl), 3.83 (s,3H,0-CHs), 3.71 (s, 3H, COO-CHj;), 3.71 (m,
1H, CH), 3.67-3.28 (m, 7H, CH, and CH of piperazine), 2.43
(d, 2H, CH,), 1.8 (m, 1H, CH), 1.52-1.30 (2d, 6H, 2 x [CH3;]),
1.33-1.09 (m, 4H, CH, of cyclopropyl), 0.88 (d, 6H, 2 x [CH;]).

Methyl 7-(4-(2-((2-(3-benzoylphenyl)propanoyl)oxy)-
acetyl)-3-methylpiperazin-1-yl)-1-cyclopropyl-6-fluoro-8-
methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylate (IIIb):
FT-IR (cm™): 3001 (C-H) stretching of aromatic, 2987 and 2839
(C-H) stretching of alkane, 1728 (C=0) stretching of ketone,
1717 (C=0) stretching of ester, 1681 (C=0) stretching of amide.
CHNO calculated (ngHnggOgF) C, 6675, H, 56, N, 615,
0, 18.72 found: C, 67.02; H, 5.56; N, 6.20; O, 18.6; 'H NMR
(DMSO-dg) & (ppm): 8.69 (s,1H, C=C-H), 7.84-7.34 (m, 10H,
Ar-H), 4.7 (s, 2H, O-CH,), 4.12 (m, 1H, CH of cyclopropyl),
3.84 (s, 3H, O-CHs), 3.71 (s, 3H, COO-CHs), 3.7 (m, 1H, CH),
3.69-3.28 (m, 7H, CH, and CH of piperazine), 1.50-1.3 (2d,
6H, 2 x [CH3]), 1.33-1.08 (m, 4H, CH, of cyclopropyl).

Methyl 1-cyclopropyl-6-fluoro-8-methoxy-7-(4-(2-((2-
(6-methoxynaphthalen-2-yl)propanoyl)oxy)acetyl)-3-
methylpiperazin-1-yl)-4-oxo0-1,4-dihydroquinoline-3-
carboxylate (Illc): FT-IR (cm™): 3006 (C-H) stretching of
aromatic, 2968 and 2825 (C-H) stretching of alkane, 1731 (C=0)
stretching of ketone, 1723 (C=0) stretching of ester, 1686 (C=0)
stretching of amide, 1130 (C-O-C) stretching of ether. CHNO
calculated (C;cH3sN;O5F): C, 65.54; H, 5.81; N, 6.37; O, 19.40
found: C, 65.71; H, 5.81; N, 6.33; O, 19.42; '"H NMR (DMSO-d)
4 (ppm): 8.69 (s, 1H, C=C-H), 7.78-7.06 (m, 7H, Ar-H), 4.97 (s,
2H, O-CH,), 4.12 (m, 1H, CH of cyclopropyl), 3.83-3.81 (2s,
6H, 2 x [O-CHj3]), 3.71 (s, 3H, COO-CH,), 3.71 (m, 1H, CH),
3.48-3.27 (m, 7H, CH, and CH of piperazine), 1.57-131 (2d,
6H, 2 x [CH3]), 1.31-1.1 (m, 4H, CH, of cyclopropyl).

Methyl 1-cyclopropyl-7-(4-(2-(2-(2-((2,6-dichlorophenyl)-
amino)phenyl)acetoxy)acetyl)-3-methylpiperazin-1-yl)-6-
fluoro-8-methoxy-4-oxo-1,4-dihydroquinoline-3-carboxylate
(ITId): FT-IR (cm™): 3316 (N-H) stretching of secondary
amine, 3006 (C-H) stretching of aromatic, 2982 and 2843
(C-H) stretching of alkane, 1743 (C=0) stretching of ketone,
1730 (C=0) stretching of ester, 1682 (C=0) stretching of
amide, 1091 (=C-CL) stretching vibration. CHNO calculated
(C56H3sN,O,CL.F): C, 59.59; H, 4.86; N, 7.72; O, 15.43 found:
C, 59.55; H, 4.82; N, 7.74; O, 15.4; '"H NMR (DMSO-d;) &
(ppm): 9.48 (s, 1H, NH), 8.69 (s, 1H, C=C-H), 7.69-6.76 (m,
8H, Ar-H), 4.97 (s, 2H, O-CH,), 4.12 (m,1H, CH of cyclopropyl),
3.83 (s, 3H, O-CHs), 3.71 (high intensity singlet, SH, O-CH;
and CH,-COO), 3.67-3.28 (m, 7H, CH, and CH of piperazine), 1.31

(d, 3H, CHs), 1.3-1.1 (m, 4H, CH, of cyclopropyl).

Chemical hydrolysis: The hydrolysis of the synthesized
ester prodrugs was performed in HCI (pH = 1.2) and phosphate
buffer (pH =7.4), which are near the pH of physiological fluids
of gastrointestinal tract, which represented by stimulated
gastric fluids and stimulated intestinal fluids respectively. The
reaction was began by addition of 1 mL of stock solution (1 mg/
mL) of the synthesized ester prodrugs (IIla-IIId) in methanol
to preheated buffer solutions to obtain final concentration of
0.02 mg/mL. About 3 mL of the prepared samples were with-
drawn at appropriate intervals (15, 30, 60, 120 and 240 min)
and analyzed by using ultraviolet spectrophotometer [36,37].

Enzymatic hydrolysis (in plasma): The hydrolysis of
the synthesized ester prodrugs was performed in human plasma
(80 %), that previously diluted with isotonic phosphate buffer
(pH = 7.4) at 37 °C. The reaction was began by addition of
1 mL of stock solution of the synthesized ester prodrugs in
methanol to preheated plasma solution to obtain final concen-
tration of 0.02 mg/mL. The solution was kept at 37 °C in a
water bath. About 3 mL of the prepared samples were withdrawn
and de-proteinized by addition of 6 mL of cold methanol at
appropriate intervals (15, 30, 60, 120 and 240 min). Samples
were mixed immediately and centrifuged for 5 min, at 4000
rpm. The clear supernatant was withdrawn and analyzed by
using ultraviolet spectrophotometer [36,37].

RESULTS AND DISCUSSION

The synthesis of the four final mutual prodrugs of
gatifloxacin (IIIa-IIId) and their intermediates was illustrated
in Scheme-I. Firstly, the carboxyl group of gatifloxacin was
protected in the form of methyl ester through reaction with
thionyl chloride in methanol to give acyl chloride intermediate
which undergo reaction with methanol to give methyl ester
of gatifloxacin. The shifting of C=0 stretching from 1722 to
1743 cm™ and disappearance of broad band above 3200 cm™,
indicate the conversion of carboxyl group in gatifloxacin to
its methyl ester derivative, this was supported by appearance
of singlet signal at 3.83 (ppm) for (O-CHs) in '"H NMR spectrum
[38,39]. The mechanism of esterification was illustrated in
Schemes IT and III [40]. Gatifloxacin methyl ester (compound
I) undergo nucleophilic substitution reaction (SN) in presence
of equimolar of chloroacetyl chloride, when the secondary
cyclic amine of piperazine will attack the electrophilic carbonyl
carbon in chloroacetyl chloride leading to displacement of
chlorine atom. The reaction was occurred in presence of equi-
molar of triethylamine which act as a base to neutralize the
hydrogen chloride formed, this reaction lead to formation of
compound II.

The rate of an SN reaction follows second order kinetics,
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as the rate limiting step depend on the nucleophile concentration,
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Scheme-III: Mechanism of conversion of acid chloride to an ester

as well as the concentration of the substrate [41]. This mechanism
depends on solvent, temperature and concentration of the nucleo-
phile and that of the leaving group. It is generally favoured in
primary or secondary alkyl halides with an aprotic solvent as
(DMF) [42]. In aliphatic heterocyclic compounds, the nitrogen
atom is a part of a saturated heterocyclic ring and lone pair of
electrons is available for reaction with protons (e.g. piperazine).
Compounds of this type are similar in base strength to their open-
chain aliphatic counterparts with typical pKa values of 8-9 [43].
Compound II was reacted with four different acidic non-steroidal
drugs, the free carboxyl groups converted directly into esters by
SN’ reaction of a carboxylate ion with a primary alkyl halide in
presence of base catalyst [44]. The shifting of C=0 stretching
from lower frequencies to higher frequencies indicate the
conversion of carboxylic acid groups to ester groups.The physical
characters of the synthesized compounds as melting points and
Ry values were listed in Table-1.

Hydrolysis study: The hydrolysis behaviour of the four
synthesized prodrugs (IIla-IIId) was evaluated at different
pH values and in human plasma, in order to determine their
stability during passage through out gastrointestinal tract
environment until reaching to the blood circulation. The kinetic
study was performed by using ultraviolet spectroscopic method
by recording the decrease in absorbance of gatifloxacin-NSAIDs

prodrugs accompying the hydrolysis.

Chemical hydrolysis: The hydrolysis of the four synthe-
sized gatifloxacin-NSAIDs in aquous solution of HCI (pH =
1.2) and phosphate buffer solution (pH = 7.4) at 37 °C, was
followed first order kinetics, due to the plotting of log (residual
product concentration) versus time will give straight line, as
illustrated in Figs. 1-4.
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Fig. 2. Rate of hydrolysis of compound IIIb at different pH values
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Fig. 3. Rate of hydrolysis of compound IIlc at different pH values
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Fig. 4. Rate of hydrolysis of compound IIId at different pH values

The observed hydrolysis rate constant (k) was calculated
from the straight line slope and accordingly the first order kinetic
half life (t,,) was calculated from the following equation [45]:

tiz = 0.693/Kops

The data of the chemical hydrolysis of the four synthesized
prodrugs were given in Table-2, which reveal the stability of
synthesized prodrugs in (pH 1.2) that similar to stomach environ-
ment and in (pH 7.4) that similar to intestinal environment.

TABLE-2
Ky AND t,,, FOR CHEMICAL HYDROLYSIS
OF THE FOUR SYNTHESIZED PRO-DRUGS

Compound pH Ky (min™) t,» (min)
IMa 1.2 2.309 x 10’2 300.13
7.4 1.859 x 10" 372.77

b 1.2 4.651 x 104; 1489.9
7.4 1.346 x 10 514.85

IMlc 1.2 7.721 x 10* 897.51
74 2.00 x 10? 346.46

1.2 1.007 x 107 688.18

e 7.4 2.030 x 107 341.37

Enzymatic hydrolysis: The hydrolysis of the four synthe-

sized gatifloxacin-NSAIDs prodrugs in 80 % human plasma
was followed first order kinetics, due to the plotting of log
(residual product concentration) versus time will give straight
line as illustrated in Fig. 5.
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Fig. 5. Rate of hydrolysis of compounds ITIa-IIId in 80 % human plasma

The data of the enzymatic hydrolysis of the four synthe-
sized prodrugs were given in Table-3, which show the suscep-
tibility of the synthesized compounds to hydrolysis by esterase
in human plasma, the percent of hydrolysis about 40-55 % in
the first hour.

The most important criteria of mutual prodrugs is their
stability in aqueous solution and gastrointestinal fluids (at
different pHs), but they must be readily hydrolyzed by esterase
enzyme in human blood plasma [46].

Conclusion

The designed mutual prodrugs were synthesized success-
fully and their structures were confirmed and characterized
using elemental microanalysis (CHN), infrared spectroscopy
(FT-IR spectra) and proton nuclear magnatic resonance ('H
NMR), their purity was confirmed by their physical data (melting
points and Ry values). Preliminary kinetic study for the synthe-
sized compounds was revealed their stability at pH 1.2 and
pH 7.4. They do not undergo chemical hydrolysis in gastro-
intestinal fluid, while they showed good hydrolysis in 80 %
human plasma, with about 50 % hydrolysis in the first hour
due to the effect of esterase enzyme.
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