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Abstract—Various diclofenac acid hydrazones and amides were synthesized and evaluated for in vitro and in vivo antimycobacterial
activities against Mycobacterium tuberculosis. Preliminary results indicated that most of the compounds demonstrated better in vitro
antimycobacterial activity (MIC: 0.0383-7.53 puM) than diclofenac (MIC: 21.10 uM) and ciprofloxacin (MIC: 9.41 puM). Among the
synthesized compounds, 1-cyclopropyl-6-fluoro-8-methoxy-7-[[N*-(2-(2-(2,6-dichlorophenylamino)phenyl)acetyl)-3-methyl]-N'-pip-
erazinyl]-4-oxo-1,4-dihydro-3-quinoline carboxylic acid (5d) was found to be the most active compound in vitro with MIC of
0.0383 uM and was more potent than first line antitubercular drug isoniazid (MIC: 0.1822 uM). In the in vivo animal model
5d decreased the bacterial load in lung and spleen tissues with 2.42 — and 3.66 — log10 protections, respectively, at 25 mg/kg

body weight.
© 2006 Elsevier Ltd. All rights reserved.

1. Introduction

Tuberculosis (TB) is the leading infections cause of
death in the world, with approximately three million pa-
tients dying every year. Nearly one-third of the world’s
population is infected with Mycobacterium tuberculosis
and the World Health Organization (WHO) estimates
that about 30 million people will be infected within the
next 20 years. Moreover, the resurgence of TB in indus-
trialized countries and the worldwide increase in the
prevalence of Mycobacterium avium complex (MAC)
infections in immuno-compromised hosts (often accom-
panied by other bacterial infections) as well as the
appearance of multi-drug resistant (MDR) strains of
M. tuberculosis have prompted the quest for new anti-
mycobacterial agents, without cross-resistance with
known antituberculous agents. Development of resis-
tance to existing drugs is a constantly growing phenom-
enon that has concerned researchers throughout the
world, and now has reached alarming levels for certain
infectious diseases. This combined with the recent
decline in the development of new drugs to combat them
can be anticipated to lead to infectious diseases lacking

Keywords: Antimycobacterial; Anti-TB; Diclofenac derivatives; Acid

hydrazones; Amides.

* Corresponding author. Tel.: +91 1596 244684; fax: +91 1596
244183; e-mail: dsriram@bits-pilani.ac.in

0968-0896/$ - see front matter © 2006 Elsevier Ltd. All rights reserved.

doi:10.1016/j.bmc.2005.12.042

ready treatment regimens.! > In view of the drug-resis-
tant TB problem, it is important that new drugs inhibit
targets different from those of currently used drugs.* In
addition, development of new agents that can shorten
the lengthy TB therapy requires the design of drugs that
can inhibit targets involved in persistence or dormancy.

There are two basic approaches to develop a new drug
for TB: (a) synthesis of analogues, modifications or
derivatives of existing compounds for shortening and
improving TB treatment and (b) searching for novel
structures, that the TB organism has never been present-
ed with before, for the treatment of MDR TB.> To pur-
sue this goal, our research efforts are directed to
synthesize derivatives of reported antimycobacterial
compound. Aryl acetic acid derivative such as diclofenac
is an anti-inflammatory drug that also has in vitro and
in vivo antimycobacterial activities.® Diclofenac sodium
minimum inhibitory concentrations (MICs) ranged
between 10 and 25 pg/mL against M. tuberculosis,
Mycobacterium smegmatis, Mycobacterium marinum,
Mycobacterium scrofulaceum, Mycobacterium xenopi
and M. avium. Diclofenac are also active against
MDR M. tuberculosis, suggesting that, diclofenac inhib-
its a new target in M .tuberculosis. In this paper, we
reported the synthesis of various diclofenac acid hydraz-
ones and amides, and their in vitro and in vivo antimy-
cobacterial activities.
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2. Results and discussion
2.1. Synthesis

The general procedures for the preparation of target
compounds 4a—g’ and 5a—-d (Tables 1 and 2) are de-
scribed in Scheme 1. Methyl 2-(2-(2,6-dichlorophenyl-
amino)phenyl)acetate (2) was prepared by the reaction
of diclofenac (1) and methanol in the presence of a
few drops of concentrated sulfuric acid. 2-(2-(2,6-
Dichlorophenylamino)phenyl)acetohydrazide (3) was
synthesized by heating hydrazine-hydrate and 2 in meth-
anol. After condensing acid hydrazide with various
substituted benzaldehyde and 4-bromo benzophenone,
diclofenac acid hydrazones (4a—-g) were obtained in
48-79% yield. 2-(2-(2,6-Dichlorophenylamino)phenyl)-
acetic acid amides (5a—d) were prepared by reacting dic-
lofenac with piperazine moiety of the fluoroquinolones
in the presence of 1-(3-dimethylaminopropyl)-3-ethyl-
carbodiimide'HCI (EDCI) as the carboxylate activator
and 4-dimethylaminopyridine (DMAP) as catalyst in
71-88% yield. The purity of the synthesized compounds
was checked by thin layer chromatography (TLC) and
elemental analyses, and the structures were identified
by spectral data. UV spectra of 4a—g exhibited charac-
teristic K bands arising from chromophoric C=N group
at 319-395nm.® In the IR spectra of compounds
4a-g, the bands representing azomethine and carbonyl
groups appeared at 1625-1600 and 1662-1639 cm ™',
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respectively. The nuclear magnetic resonance spectra
("H NMR) of 4a—g showed single signals corresponding
to resonances of azomethine protons at 8.35 ppm. All
the synthesized compounds showed D,O exchangeable
singlet of -NH- proton at 10.4 ppm, and singlet at
3.4 ppm for —-CH»— protons. The elemental analysis re-
sults were within +0.4% of the theoretical values.

2.2. Antimycobacterial activity

2.2.1. In vitro activity. All compounds were screened
for their in vitro antimycobacterial activity against
M. tuberculosis by agar dilution method similar to that
recommended by the National Committee for Clinical
Laboratory Standards’ for the determination of MIC.
The MIC is defined as the minimum concentration of
compound required to complete inhibition of bacterial
growth and MICs of the compounds were reported in
(Tables 1 and 2) along with the standard drugs for com-
parison. The synthesized acid hydrazones (4a-g) and
amides (S5a—d) inhibit M. tuberculosis with MICs ranging
from 0.3614 to 7.53 uM and 0.0382 to 0.3347 uM,
respectively. All the synthesized compounds were found
to be more active than the parent drug diclofenac.
Among the acid hydrazones (4a-g), compound 2-{2-
[(2,6-dichlorophenyl)amino]phenyl}-N'-[1-(4-bromo-
phenyl)benzylidene]acetohydrazide (4g) was found to be
the most active compound with MIC of 0.3614 uM and
was more potent than fluoroquinolones ciprofloxacin

Table 1. Physical constants and in vitro antimycobacterial activities of diclofenac acid hydrazones
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I 4da-g
Compound R R, Yield (%) Mp (°C) ClogP MIC (uM) I1Cso (UM)
O,N
4a @ H 48 236 5.53 1.76 >22.62
4b Omoz H 72 220 5.53 1.76 >22.62
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4c @ H 67 260 6.45 3.60 >23.10
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4g OBr @ 57 189 8.18 0.3614 >18.07
Diclofenac — — — — 4.12 21.10 >33.76
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Table 2. Physical constants and in vitro antimycobacterial activities of diclofenac amides

0
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Cl NH O H

@CI Sa-d

Compound R R, Yield (%) Mp (°C) ClogP MIC (uM) 1Cso (uM)
F COOH
5a | H 71 212 5.44 0.3347 >16.73
N
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N
o}
F COooH
5¢ | CH, 86 213 591 0.3177 >15.88
N
L
@OH
5d CH; 81 208 5.59 0.0382 >15.30
Diclofenac — — — — 4.12 21.10 >33.76
Ciprofloxacin — — — — 1.32 9.41 >30.18
Gatifloxacin — — — — 1.51 2.07 >26.63
Isoniazid — — — — -0.6 0.1822 7291.8

:\< 7— i 2 7—OCH3 %NHNHZ

9 CH;OH cl

O NH,.H,O ¢ NH
H,SO,
cl
3

\: <
QYo Oo—

o SR g S

Scheme 1. Synthetic protocol of diclofenac acid hydrazones and amides.
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and gatifloxacin. Acid hydrazones derived from Within substituted benzaldehyde derived acid hydraz-
4-bromo benzophenone were found to be more active ones the order of activity with respect to substituents
than substituted benzaldehyde derived acid hydrazones. is —-NO,, -N(CHs3), > -Cl > -OH with -OCH; > -OH.
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Hence, it is the electron-withdrawing group that is
favourable. Among the diclofenac amides (5a-d),
compound 1-cyclopropyl-6-fluoro-8-methoxy-7-[N*-(2-(2-
(2,6-dichlorophenylamino)phenyl)acetyl)-N'-piperazinyl]-
4-0x0-1,4-dihydro-3-quinoline carboxylic acid (5d) was
found to be the most active compound in vitro with
MIC of 0.0383 uM and was four times more active than
the first line antitubercular drug isoniazid (MIC:
0.1822 uM).

The lipophilicity of the compounds is well known to
play an important role in the penetration of these com-
pounds into bacterial cells.!® Assuming that the issue of
penetration is even more crucial for compound’s activity
against mycobacteria,'! our results demonstrated that
simply increasing the lipophilic character of compounds
increased the activity, as shown with log P values of the
synthesized compounds (5.39-8.18) (Tables 1 and 2)
were much more than the parent compound (4.12).

2.2.2. In vitro cytotoxicity. All the compounds were fur-
ther examined for toxicity (ICsp) in a mammalian VERO
cell line at concentrations of 10 pg/mL. After 72 h expo-
sure, viability was assessed on the basis of cellular con-
version of MTT into a formazan product using the
Promega Cell Titer 96 non-radioactive cell proliferation
assay.!? The compounds were found to be non-toxic up
to 10 pg/mL. Compound 5d showed selectivity index
(IC5o/MIC) of more than 400.

2.2.3. In vivo activity. Subsequently, compound 5d was
tested for efficacy against M. tuberculosis at a dose of
25 mg/kg (Table 3) in six-week-old female CD-1 mice.
In this model,!* the mice were infected intravenous-
ly through caudal vein approximately 107 viable
M. tuberculosis ATCC 35801. Drug treatment began
after inoculation of the animal with microorganism
for 10 days by oral route. After 35 days postinfection,
the spleens and right lungs were aseptically removed
and ground in a tissue homogenizer, the number of
viable organisms was determined by serial 10-fold
dilutions and subsequent inoculation onto 7H10 agar
plates. Cultures were incubated at 37 °C in ambient
air for four weeks prior to counting. Bacterial counts
were measured and compared with the counts from
negative (untreated) controls (mean colony forming
units (CFU) in lung: 8.78£0.12 and in spleen:
6.84 £0.21). Compound 5d decreased the bacterial
load in lung and spleen tissues with 6.36 £0.19 and
3.18 £0.11 — log10 protections, respectively, and was
considered to be promising in reducing bacterial count
in lung and spleen tissues. When compared to isonia-
zid at the same dose level, 5d decreases the bacterial
load equally in spleen tissues.

Table 3. In vivo activity data of 5d and isoniazid against
Mycobacterium tuberculosis in mice

Compound Lungs Spleen

(logCFU + SEM)  (logCFU # SEM)
Control 8.78 £0.12 6.84 £ 0.21
5d (25 mg/kg) 6.36 £ 0.19 3.18£0.11
Isoniazid (25 mg/kg)  5.80 £ 0.18 3.14£0.12

3. Conclusion

Among the synthesized compounds, 5d was found to
be four times more potent than first line antitubercu-
lar drug isoniazid in vitro. The investigation on fur-
ther structure—activity relationships and emergence of
drug resistance is now in progress. The present results
highlight the importance of increasing lipophilicity of
the compounds to overcome transport barrier into
the cells. The enhanced activity of amide derivatives
might be due to the fluoroquinolone moiety which
might inhibit the DNA gyrase enzymes of M.
tuberculosis.

4. Experimental

Melting points were taken with an electrothermal melt-
ing point apparatus (Buchi BM530) in open capillary
tubes and are uncorrected. Infrared spectra (KBr disc)
were run on a Jasco IR Report 100 spectrometer. 'H
NMR spectra were scanned on a JEOL Fx 300 MHz
NMR spectrometer using DMSO-dg as solvent. Chemi-
cal shifts are expressed in J (parts per million) relative to
tetramethylsilane. Elemental analyses (C, H and N) were
performed on Perkin Elmer model 240C analyzer and
the data were within £0.4% of the theoretical values.
Clog P values were calculated using chem. Draw ultra
8.0 software.

4.1. Synthesis of methyl 2-(2-(2,6-dichlorophenylamino)-
phenyl)acetate (2)

Diclofenac sodium (0.01 mol) and methanol (20 mL)
refluxed for 3 h in a few drops of concentrated sulfuric
acid as a catalyst. The reaction progress was monitored
by TLC using a mixture of chloroform and methanol in
the ratio of 9:1 as the mobile phase. The obtained solid
was washed with NaHCOj; solution (5%), dried and
recrystallized twice from methanol to give 2 with 72%
yield and mp of 87 °C.

4.2. Synthesis of 2-(2-(2,6-dichlorophenylamino)phenyl)-
acetohydrazide (3)

To methanolic solution of methyl 2-(2-(2,6-dichlor-
ophenylamino)phenyl)acetate (2) (25mL, 0.01 mol)
was added hydrazine-hydrate (4 mL) and refluxed for
2 h. The reaction progress was monitored by TLC using
a mixture of chloroform and methanol in the ratio 9:1 as
the mobile phase. After the completion of reaction, the
reaction mixture was then cooled, diluted with water
and allowed to stand overnight. The solid precipitated
was washed with water, dried and recrystallized twice
from methanol to give 3 with 72% yield and mp of
154 °C.

4.3. General procedure for the synthesis of acid
hydrazones (4a—g)

A solution of 0.01 mol of 3 and equimolar amount of
appropriate aldehyde or ketone in 60 mL of ethanol
were stirred at room temperature for 1h. After
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completion of the reaction, the precipitate obtained was
filtered off, washed with water and cleaned twice with
boiling ethanol to give 4a—g with 48-79% yield.

4.3.1. 2-{2-[(2,6-Dichlorophenyl)amino]phenyl}-/V'-(2-
nitrobenzylidene)acetohydrazide (4a). Yield: 48%; mp:
236°C; IR (KBr): 3269, 1645, 162cm; 'H NMR
(DMSO-dg) 6 (ppm): 3.37 (s, 2H, —CH,), 6.35-7.6 (m,
11H, Ar-H), 8.32 (s, 1H, CH=N), 10.4 (s, IH, -NH-,
D,O exchangeable), 12.1 (s, 1H, -CONH-, D,O
exchangeable). Calculated for C, H¢Cl,N4O3: C, 56.90;
H, 3.64; N, 12.64. Found: C, 56.79; H, 3.71; N, 12.63.

4.3.2. 2-{2-|(2,6-Dichlorophenyl)amino]phenyl}-/V'-(4-
dimethylaminobenzylidene)acetohydrazide (4d). Yield:
66%; mp: 250 °C; IR (KBr): 3272, 1642, 1630 cm; 'H
NMR (DMSO-dg) 6 (ppm): 2.85 (s, 6H, -N(CHj3),),
34 (s, 2H, —-CH,), 6.3-7.4 (m, 11H, Ar-H), 8.32 (s,
1H, CH=N), 10.42 (s, 1H, -NH-, D,O exchangeable),
12.15 (s, 1H, -CONH-, D,O exchangeable). Calculated
for C,3H,,CILN4O: C, 62.59; H, 5.02; N, 12.69. Found:
C, 62.79; H, 4.97; N, 12.7.

4.3.3. 2-{2-|(2,6-Dichlorophenyl)amino]phenyl}-N'-(4-hy-
droxy-3-methoxybenzylidene)acetohydrazide (4e). Yield:
79%; mp: 232 °C; IR (KBr): 3269, 1642, 1630 cm; 'H
NMR (DMSO-dg) 6 (ppm): 3.37 (s, 2H, -CH,), 3.73
(s, 3H, -OCH3;), 6.34-7.1 (m, 10H, Ar-H), 8.32 (s, 1H,
CH=N), 10.4 (s, IH, -NH-, D,O exchangeable), 10.95
(s, 1H, -OH), 12.1 (s, 1H, -CONH-, D,O exchange-
able). Calculated for C,,H;9ClLN305: C, 59.47; H,
4.31; N, 9.46. Found: C, 56.4; H, 4.30; N, 9.43.

4.34. 2-{2-|(2,6-Dichlorophenyl)amino|phenyl}-/NV'-(3-
hydroxybenzylidene)acetohydrazide (4f). Yield: 70%; mp:
229°C; IR (KBr): 3269, 1642, 1630cm; 'H NMR
(DMSO-dg) 6 (ppm): 3.37 (s, 2H, —CH,), 6.38-7.1
(m, 11H, Ar-H), 8.32 (s, 1H, CH=N), 10.4 (s, 1H,
-NH-, D,O exchangeable), 11.95 (2s, 2H, —-CONH-
and —-OH). Calculated for C, H{;Cl,N,O,: C, 60.88;
H, 4.14; N, 10.14. Found: C, 60.91; H, 4.04; N, 10.13.

4.3.5.  2-{2-|(2,6-Dichlorophenyl)amino]phenyl}-/V'-[(4-
bromophenyl)benzylidene]acetohydrazide (4g). Yield:
57%; mp: 189 °C; IR (KBr): 3270, 1645, 1628 cm; 'H
NMR (DMSO-dg) ¢ (ppm): 3.37 (s, 2H, —CH,), 6.3—
7.79 (m, 16H, Ar-H), 1042 (s, 1H, -NH-, D,O
exchangeable), 12.15 (s, 1H, -CONH-, D,O exchange-
able). Calculated for C,;H,,BrClLN;O: C, 58.61; H,
3.64; N, 7.59. Found: C, 58.54; H, 3.59; N, 7.46.

4.4. General procedure for the synthesis of diclofenac
amides (5a—d)

To a solution of diclofenac (0.44 mmol) in dry methy-
lene chloride (10 mL) were added 1-(3-dimethylamino-
propyl)-3-ethylcarbodiimideeHCI ~ (0.48 mmol)  and
4-dimethylaminopyridine (44 umol) followed by appro-
priate fluoroquinolone derivative (0.5 mmol). The reac-
tion mixture was stirred at room temperature overnight.
The mixture was diluted with water (~30mL) and
extracted with ethyl acetate (2x 30 mL). The combined
organic solution was washed with water (2x 50 mL),

dried (magnesium sulfate) and filtered and the solvent
was removed in vacuo. The crude product was purified
by chromatography on silica gel (EtOAc-hexanes,
20:80 then 50:50) and obtained as a bright yellow solid
S5a—d in 71-88% yield.

4.4.1. 1-Ethyl-6-ﬂu0r0-7-[[N4-(2-(2-(2,6-dichlor0phenyl-
amino)phenyl)acetyl)]-3-methyl]V'-piperazinyl]-4-oxo-1,4-
dihydro-3-quinoline carboxylic acid (5a). Yield: 71%; mp:
212 °C; IR (KBr): 3270, 3010, 2850, 2840, 1736, 1645,
1630, 1620, 1596, 1506, 1236, 1125cm; 'H NMR
(CDCl3) 6 (ppm): 1.28 (t, 3H, CH; of C,Hs), 3.37 (s,
2H, -CH,), 3.7-4.1 (m, 8H, —piperazine-H), 4.25 (q,
2H, CH, of C,Hs), 6.58-8.0 (m, 9H, Ar-H), 8.6 (s,
1H, C,-H), 12.15 (s, 1H, -CONH-, D»O exchangeable),
1486 (br s, 1H, COOH). Calculated for
C;30H,7,CLFN4Os: C, 60.31; H, 4.55; N, 9.38. Found:
C, 60.32; H, 4.61; N, 9.35.

4.4.2. 1-Cyclopropyl-6-fluoro-8-methoxy-7-[[N*-(2-(2-
(2,6-dichlorophenylamino)phenyl)acetyl)-3-methyl]- V' -pip-
erazinyl]-4-oxo-1,4-dihydro-3-quinoline carboxylic acid
(5d). Yield: 81%; mp: 208 °C; IR (KBr): 3270, 3010,
2862, 2850, 1742, 1640, 1620, 1506, 1240, 1125 cm; 'H
NMR (DMSO-dy) 6 (ppm): 032-0.54 (m, 4H, cyclopro-
pyl-H), 1.28 (s, 3H, CHj3 of piperazine), 1.4 (m, 1H,
cyclopropyl-H), 2.5-3.3 (m, 7H, —piperazine-H), 3.37
(s, 2H, —CHy), 3.73 (s, 3H, methoxy), 6.3-6.88 (m, 8H,
Ar-H), 7.96 (s, 1H, C,-H), 12.15 (s, 1H, -CONH-,
D»0 exchangeable), 14.86 (br s, IH, COOH). Calculated
for C33H31C12FN4051 C, 6065, H, 478, N, 8.57. Found:
C, 60.59; H, 4.69; N, 8.67.

4.5. Biological activity

4.5.1. In vitro antimycobacterial activity (Agar dilution
method). Compounds were evaluated for their in vitro
antimycobacterial activity against M. tuberculosis
H37Rv procured from the Tuberculosis Research Center,
Indian Council of Medical Research, Chennai, India. The
agar dilution method was performed using Middlebrook
7H10 medium supplemented with Middlebrook OADC
medium (Hi-Media). After solidification of the agar, the
plates were inoculated with 0.1 ml of 107 and 10~* dilu-
tions of a McFarland 1.0 concentration of a suspension of
organism. The inoculated plates were then incubated at
37 °C for four weeks. The minimum inhibitory concentra-
tion (MIC) was considered to be the lowest concentration
that completely inhibited growth on agar plates, disre-
garding a single colony or a faint haze caused by the
inoculums.

4.5.2. In vitro cytotoxicity assay. Cytotoxicity was
assessed against VERO cells (CCL-81, American Type
Culture Collection) by exposing monolayers in 96-well
plates to 3-fold dilutions of test compounds for 72 h. Cell
viability was measured using the CellTiter96 aqueous
non-radioactive cell proliferation assay (Promega Corp,
Madison, WI), which determines the extent of reduction
of a tetrazolium dye by measuring the absorbance of the
product at 490 nm. Untreated cells and cells lysed with
sodium dodecyl sulfate were used to determine 0% and
100% inhibition, respectively.
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4.5.3. In vivo antimycobacterial activity. Six-week-old
female CD-1 mice were infected intravenously through
a caudal vein. Each mouse received approximately 10’
viable M. tuberculosis ATCC 35801 suspended in
0.2 ml of modified 7H10 broth. They were divided into
three groups of 10 mice each after two days. One group
received daily for 10 days the aqueous suspension of the
test compounds (25 mg/kg body weight) by oral (po)
route. The second group received isoniazid at 25 mg/
kg body weight for 10 days by po route, whereas the
third group served as the control receiving no drug. Ani-
mals were kept under observation for 35 days post infec-
tion. All mice were euthanized by CO, inhalation. The
spleens and right lungs were aseptically removed and
ground in a tissue homogenizer. The number of viable
organisms was determined by serial 10-fold dilutions
and subsequent inoculation onto 7H10 agar plates. Cul-
tures were incubated at 37 °C in ambient air for four
weeks prior to counting. Viable cell counts were convert-
ed to logarithms, which were then evaluated by one- or
two-variable analyses of variance. Statistically signifi-
cant effects from the analyses of variance were further
evaluated by Tukey’s honestly significant difference
tests'# to make pair-wise comparisons among means.
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