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Abstract A series of 1-substituted-1H -tetrazole-5-thiol
building blocks were synthesized and introduced to the
N -4 piperazinyl group at C-7 position of the quinolone core,
and these novel compounds (5a–g and 8a–g) were screened
for their antibacterial and antiproliferative activities. Bioac-
tive assay studies manifested that most of new compounds
exhibited significant antibacterial activity against the tested
strains, including multi-drug-resistant MRSA in compari-
son with reference drugs ciprofloxacin, streptomycin B and
pipemidic acid. Among the synthesized compounds, only
ciprofloxacin (5a–g) derivatives displayed significant activ-
ity (MIC = 15.6 µg/mL) compared to reference drugs.
In addition, these compounds were evaluated for their in
vitro inhibition of human cancer cell lines viz human cer-
vical carcinoma cell line (SiHA), breast adenocarcinoma
(MDA-MB-235) and human pancreas carcinoma (PANC-1)
cell lines by using the SRB assay method. Most of the target
compounds showed broad potent growth inhibition activity
(GI50 ≤ 0.1 µM) against all the tested cancer cell lines
compared with reference drug. The most promising active
compounds in this series were 5c, 5d, 8c, 8d and 8f endowed
with excellent antiproliferative activity.
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Graphical abstract
A new class of compounds was designed rationally by intro-
ducing tetrazole building block on N-4 piperazinyl group at
C-7 position of quinolones core. The titled compounds were
evaluated for their preliminary antibacterial and antiprolifer-
ative activities.

Keywords Tetrazole · Ciprofloxacin · Pipemidic acid ·
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Introduction

Antimicrobial resistance (AMR) has been increasing danger
to public health attention due to the occurrence of various
drug-resistant microbial infections by an inappropriate and
irrational use of the currently marketed antimicrobial drugs
[1,2]. In 2014, WHO stated that the resistance to common
bacteria has gaining alarming levels in several parts of the
world [3]. In view of the growing threat from these drug-
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Fig. 1 Structures of quinolone-based antimicrobial agents

resistant Gram-positive and Gram-negative bacterial strains,
there is an essential need to discover new drug candidates.

Quinolones are one of the most essential synthetic drug
classes used for the treatment of community or hospi-
tal acquired infectious diseases in view of their excellent
antibacterial activity with minimum side effects (Fig. 1).
Quinolones successfully restrain the synthesis of DNA and
functionally exert their effect by inhibition of two type
bacterial topoisomerases II, namely DNA gyrase and topoi-
somerase IV [4]. Among the quinolones, fluoroquinolones
(FQs) are powerful antibiotics with a broad spectrum of
antibacterial activity and these are commonly used to treat
a range of related bacterial infections like urinary tract, res-
piratory, gastrointestinal, chronic osteomyelitis and sexually
transmitted diseases [5]. Moreover, some congeners of fluo-
roquinolone (FQs) family exhibited antiproliferative activity.
For instance, ciprofloxacin (CP) showed antiproliferative
and apoptosis-inducing activities on prostate and bladder
cancer cells [6–9]. In addition, fleroxacin, ofloxacin and lev-
ofloxacin also showed to inhibit the growth of transitional
cell bladder carcinoma cell lines [10–12].

Structure–activity relationship (SAR) studies of qui-
nolones revealed that modification at the C-7 position with
an additional functional moiety was reported to be greatly
influence their antibacterial potency, spectrum and safety
[13,14]. Thus, several hybrid quinolone analogues derived
by modification at C-7 position showed stronger antitumor
[15] antibacterial or antitubercular [16,17] activity as well as
increased lipophilicity compared with the parent quinolones.
Above SAR studies concluded that modification of basic
group of the C-7 position leads to enhancement of antibac-
terial potency as well as antitumor potency.

Similarly, tetrazoles are privileged heterocyclic scaffolds
and appear in many drugs such as, valsartan or losartan, that
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Fig. 2 Structures of the angiotensin-II-receptor blockers valsartan or
losartan and phosphodiesterase inhibitor cilostazol

are nonpeptidic angiotensin-II-receptor blockers and cilosta-
zol, which is a phosphodiesterase inhibitor. Their structures
are showed in Fig. 2 [18]. Medicinal chemistry has led to
the use of tetrazoles in pharmaceuticals as lipophilic spacers
and carboxylic acid surrogates [19].Bioisosteric replacement
of a functional moiety (i.e., tetrazole replacing a carboxylic
acid group) is a widely used known strategy in medicinal
chemistry for the discovery of more selective and potent
drug candidates related to a parent drug [20]. In addition,
tetrazole derivatives have displayed pharmacological and
biological properties such as antiviral, antibacterial, antifun-
gal, antiallergic, antiulcer, anticonvulsant, anti-inflammatory
and antitubercular activities [21–23].

In view of the previous rationale and in continuation of
our research program to develop new potential biological
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Scheme 1 Synthesis of 1-substituted 5-mercaptotetrazoles

active compounds, a hybrid pharmacophoric approach [24–
26] was adopted in which modification at C-7 position on
the quinolone core and substituted tetrazoles were combined
into a one hybrid structure possessing improved biological
activity. The present work describes the synthesis of a new
series of ciprofloxacin derivatives (5a–g) and pipemidic (8a–
g) derivatives.

Results and discussion

Chemistry

Target compounds 5a–g and 8a–g were obtained in a
two-step synthesis as depicted in Schemes 1 and 2. The
synthesis of 1-substituted 5-mercaptotetrazoles 2a–g deriva-
tives were obtained by the reaction of NaN3 with isoth-
iocyanates 1a–g (Scheme 1) in water at 80 ◦C. On the
other hand, ciprofloxacin 3 and pipemidic acid 6 were
treated with 3-chloropropionyl chloride and triethylamine in
dichloromethane yielded compounds 7-(4-(3-chloropropa-
noyl)piperazin-1-yl)-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihy
droquinoline-3-carboxylic acid 4 and 2-(4-(3-chloropropan
oyl)piperazin-1-yl)-8-ethyl-5-oxo-5,8-dihydropyrido[2,3-d]
pyrimidine-6-carboxylic acid 7 in 75%.

Target compounds ciprofloxacin derivatives 5a–g and
pipemidic acid derivatives 8a–g were prepared by S-alkylat-
ion of 1-substituted 5-mercaptotetrazoles with compounds 4
and 7 using triethylamine in ethanol under reflux conditions
to afford products in 82 to 92%yield (Table 1, Scheme2). The
target compounds were confirmed by 1H-NMR, 13C NMR
and mass spectrometry. The NMR data for compounds 5a–
g and 8a–g showed a characteristic pattern for all products:
a characteristic peak S-CH2 appeared as a triplet range at
δ = 3.2–3.6 ppm, whereas 13CNMR data showed a charac-
teristic S-CH2 signal at δ = 34.2–36.5 ppm.

Biology

Antibacterial activity

A total of fourteen novel analogues (5a–g and 8a–g) were
synthesized and tested for antibacterial activity against

six microorganisms, out of which three are Gram-positive
(Bacillus subtilis, Bacillus megaterium,Micrococcus luteus)
and the other three are Gram-negative (Escherichia coli,
Salmonella typhi,Pseudomonasaeruginosa) bacterial strains
and were compared against ciprofloxacin, streptomycin B
and pipemidic acid. The zone of inhibition (summarized in
Table 2) of all tested compounds 5a–g and 8a–g showed sim-
ilar activity compared to the reference drugs. The antimicro-
bial activity profile of the synthesized compounds revealed
that they could be divided into active and moderately active
based on antibacterial data against Gram-positive and Gram-
negative bacterial strains. The compounds of ciprofloxacin
derivatives (5a–g) showed better zone of inhibition over the
pipemidic acid derivatives (8a–g); this might be ascribed
to its enhanced stability and increased clogP values than
the pipemidic acid (8a–g) derivatives as shown in Table 1.
It can be noted from the data that the lower lipophilicity
(clogP = 0.66–2.45) of the analogues 8a–g of pipemidic acid
(clogP = − 2.47) seems to be related to a lower antimicro-
bial activity,whereas the higher lipophilicity of the analogues
5a–g (clogP = 2.45–4.21) of ciprofloxacin (clogP = 1.63)
appears to be positively correlated to antimicrobial activ-
ity.

Though the activity profile of active compounds 5a–gwas
effective on almost all tested strains, one of the bacterial
strains, P. aeruginosa, was resistant to compounds 5a–c and
8a–g; however, compounds 5d–g exhibited moderate zone
of inhibition against bacterial strain P. aeruginosa. Among
all examined compounds the best activity profile was found
for compounds 5e and 5f. Compound 8g did not display
zone of inhibition activity against all the tested the bac-
terial strains. It is evident from Table 2 that compounds
having an electron-withdrawing group (e.g., trifluoromethyl,
fluoro, bromine) on the tetrazole ring of ciprofloxacin deriva-
tives exhibited good zone inhibition against all the bacterial
strains compared to the standard ciprofloxacin. The remain-
ing compoundswere exhibited by a smaller zone of inhibition
against all the bacterial strains. In view of this prelim-
inary zone of growth inhibition data, only ciprofloxacin
derivatives 5a–g were further analyzed for their minimal
inhibitory concentrations (MIC µg/mL) at the selected
microbial strains.

Generally, MIC is the minimum concentration of a drug
that is required to arrest the growth of bacterium. In the
present study, the MIC values of compounds, 5a–g, were
determined by using the tube dilution method and the results
are presented in Table 3. In general, most of the target
compounds 5a–g exhibited considerable antibacterial activ-
ity against all the tested Gram-positive and Gram-negative
bacterial strains except for compounds 5a, 5b and 5c that
did not exhibit antibacterial activity against Gram-negative
strain P. aeruginosa. All the compounds 5a–g showed
similar promising activity (MIC = 15.6 µg/mL) com-
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Scheme 2 Synthesis of tetrazole containing ciprofloxacin 5a–g and pipemidic acid 8a–g derivatives

pared to ciprofloxacin (MIC = 7.8 µg/mL), streptomycin
B (MIC = 15.6 µg/mL) and pipemidic acid (MIC =
31.2 µg/mL).

Antiproliferative activity

In addition to antibacterial activity, the target hybrid com-
pounds 5a–g and 8a–g were screened for their in vitro
antiproliferative activity against a panel of three different
human cancer cell lines, namely cervix (SiHa), breast (MDA-
MB-231) and pancreatic carcinoma cell lines by using the
sulforhodamine B (SRB) assay method [25,27]. Tamoxifen
and DMSO were used as positive and negative controls,

respectively. The GI50 values (GI50 = molar concentration
of a test compound that inhibits 50% net cell growth) are
listed in Table 4. The antiproliferative activity (GI50 values
expressed inµMconcentration) results was exhibited for the
synthesized ciprofloxacin analogues (5a–g) and pipemidic
acid analogues (8a–g) after 48 h of incubation time. Among
the 14 compounds synthesized, 5 against SiHa cancer cell
line, 11 against MDA-MB-231 and 1 against PANC-1 cancer
cell lines exhibited greater inhibition growth than tamoxifen.
Compounds 5c, 5d, 8c, 8d and 8f showed twofold greater
activity than tamoxifen (GI50 = 0.12 µM), as evidenced
by GI50 values of 0.06–0.08 µM against the SiHa cancer
cell line. On the other hand, compounds 5a, 5c–5 g, 8a, 8b,
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Table 1 Synthesis of tetrazole containing ciprofloxacin 5a–g and
pipemidic acid 8a–g compounds

Compound R1 %Yielda cLog Pb

5a –CH2CH3 88 2.45

5b 90 3.17

5c 92 3.60

5d 88 4.12

5e 84 4.21

5f 86 3.59

5g 90 2.72

8a –CH2CH3 90 0.66

8b 90 1.42

8c 89 1.90

8d 88 2.37

8e 82 2.45

8f 86 1.83

8g 92 0.97

a After purification by column chromatography
b cLog P was calculated using ChemDraw Ultra version 14

8d–8f showed three to tenfold greater activity (GI50 = 0.08–
0.02 µM) than tamoxifen (GI50 = 0.24 µM) against
MDA-MB-231 cancer cell line, whereas the only compound
8d showed twofold greater activity (GI50 = 0.07 µM) than
tamoxifen (GI50 = 0.15 µM) against PANC-1 cancer cell
line. Overall, 8d showed the most potent activity against the
tested all cancer cell lines.

From structure–activity relationship (SAR) point of view,
different substituents were employed on the tetrazole moiety
attached to ciprofloxacin (5a–g) and pipemidic acid (8a–g)

derivatives to investigate antiproliferative activity. Tetrazole
has different substituents at position 1, namely ethyl, ben-
zyl, phenyl and substituted phenyl ring such as 4-bromo,
4-trifluoro methyl, 2,-3,-4-trifluoro and 3,-4,-5-trimethoxy
phenyl groups. The resulting compounds were tested for
their growth inhibition effect. Further, the target compounds
are divided into two series: one group (a–c) with aliphatic,
aromatic and benzylic substituents on the tetrazole where
a π -electron cloud is absent, conjugated or not conjugated
with tetrazole; and another group with aromatic substitution,
namely derivatives (d–g) to be compared with the corre-
sponding b (phenyl) as reference.

Compounds 5b and 8b bearing an un-substituted phenyl
moiety on the tetrazole ring showed growth inhibition (GI50
values) at concentrations ranges from 0.085 to 1.15 µM
against various tested cancer cell lines, whereas compounds
5d–g and 8d–g, bearing different substituents on the phenyl
linked to the tetrazole ring, showed enhanced growth inhibi-
tion (GI50 = 0.066–1.3 µM) against various tested cancer
cell lines. Benzyltetrazole linked to ciprofloxacin analogue
5c showed a potent activity against SiHa and MDA-MB-231
cell lines, while benzyltetrazole linked to pipemidic acid ana-
logue 8c showed a potent activity against only SiHa cell line.
Compounds 5d and 8d bearing bromine group (electron-
withdrawing group) on phenyl ring attached to tetrazole
showed enhancement of growth inhibition activity against all
the tested cancer cell lines. Electron donating groups were
detrimental for the pipemidic acid system (8g), but not for
the ciprofloxacin derivatives where 5g is even more active
than un-substituted phenyl derivative 5b.

Conclusion

In conclusion, a series of novel ciprofloxacin (5a–g) and
pipemidic acid (8a–g) analogues were synthesized and eval-
uated for their in vitro antibacterial and antiproliferative
activities. These preliminary investigations showed that a
modification on the N -4 piperazinyl group at C-7 position
of ciprofloxacin and pipemidic acid can influence biological
activity. Most of the target compounds showed moderate to
significant antimicrobial activity. Among them, compounds
of all ciprofloxacin derivatives 5a–g showed significant
improved activity compared to the corresponding refer-
ence drugs. In addition, all the target compounds evaluated
for their in vitro antiproliferative studies. The preliminary
antiproliferative studies revealed that compounds 5c, 5d, 8c
and 8f displayed significant potent antiproliferative activity
with GI50 ≤ 0.1 µM against all the SiHa and MDA-MD-231
cancer cell lines compared to Tamoxifen. Most significantly,
compounds 8d showed the broad spectrum of antiprolifera-
tive activity against all the tested cancer cell lines.
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Table 2 In vitro antimicrobial
zone of inhibition (mm)a of
compounds 5a–g and 8a–g

Compound E. colib B. subtilisb B. megateriumb M. luteusc S. typhic P. aeruginosac

5a 30 29 30 30 33 –

5b 29 27.5 30 30 31 –

5c 28 28 29 31 30 –

5d 30 29 29 33 32 12

5e 30 31 30 34 36 16

5f 31 30 30 34 37 17

5g 27 27 26 28 34 10

8a 14 15 14 14 19 –

8b 10 11 10 10 14 –

8c 14 15 16 12 18 –

8d – – 11 12 14 –

8e 15 15 15 15 16 –

8f 17 18 18 16 17 –

8g – – – – – –

Ciprofloxacin 40 35 35 40 43 45

Pipemidic acid 25 22 23 24 27 25

Streptomycin B 28 30 30 29 31 19

DMSO – – – – – –

– Not active
a Zone of inhibition values are mean of two determinations
b Gram-positive bacteria
c Gram-negative bacteria

Table 3 In vitro antibacterial
minimum inhibitory
concentration of (MIC µg/mL)a

of compounds 5a–g

Compound E. colib B. subtilisb B. megateriumb M. luteusc S. typhic P. aeruginosac

5a 15.6 15.6 15.6 15.6 15.6 125

5b 15.6 15.6 15.6 15.6 15.6 125

5c 15.6 15.6 15.6 15.6 15.6 62.5

5d 15.6 15.6 15.6 15.6 15.6 62.5

5e 15.6 15.6 15.6 15.6 15.6 62.5

5f 15.6 15.6 15.6 15.6 15.6 125

5g 15.6 15.6 15.6 15.6 15.6 125

Ciprofloxacin 7.8 7.8 7.8 7.8 7.8 7.8

Pipemidic acid 31.2 31.2 31.2 31.2 31.2 31.2

Streptomycin 15.6 15.6 15.6 15.6 15.6 15.6

a MIC values are mean of two determinations
b Gram-positive bacteria
c Gram-negative bacteria

Experimental

Chemistry

General

All the reagents and starting materials were obtained from
commercial sources and were used without further purifica-
tion. The progress of reactions was determined by analytical
thin-layer chromatography (TLC) using silica gel 60 F254
pre-coated plates, and a UV lamp and I2 stain for visualiza-

tion of the TLC plates. Column chromatography was done
using Merck 60–120 sized mesh silica gel using chloroform
andmethanol as eluents. 1HNMRspectra (300 and 500MHz)
and 13C NMR spectra (75 and 126 MHz) were recorded on
a Bruker Avance spectrometer using CDCl3 or DMSO-d6
as solvents and TMS as internal standard. Chemical shifts
were reported in parts per million (ppm, δ) downfield from
tetramethylsilane. The following abbreviations are used for
NMR signals: s = singlet, br s = broad singlet, d = dou-
blet, t = triplet, q = quartet, m = multiplet, dd = doublet of
doublets. ESI (HRMS) spectra were recorded on “High Res-
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Table 4 The antiproliferative (GI50)a activity of the synthesized com-
pounds 5a–g and 8a–g

Compoundb SIHA (GI50) MDA-MB-231 (GI50) PANC-1 (GI50)

5a 0.70 ± 0.03 0.22 ± 0.01 1.15 ± 0.01

5b 0.90 ± 0.03 0.88 ± 0.02 1.25 ± 0.01

5c 0.07 ± 0.01 0.08 ± 0.01 1.89 ± 0.03

5d 0.07 ± 0.04 0.09 ± 0.03 1.17 ± 0.02

5e 1.20 ± 0.06 0.25 ± 0.02 1.0 ± 0.02

5f 0.27 ± 0.02 0.11 ± 0.03 1.7 ± 0.02

5g 0.57 ± 0.03 0.18 ± 0.03 0.71 ± 0.03

8a 0.58 ± 0.07 0.18 ± 0.01 2 ± 0.07

8b 0.27 ± 0.02 0.08 ± 0.01 0.69 ± 0.01

8c 0.07 ± 0.01 0.48 ± 0.03 1.57 ± 0.02

8d 0.08 ± 0.01 0.22 ± 0.02 0.07 ± 0.06

8e 0.76 ± 0.02 0.17 ± 0.02 0.71 ± 0.01

8f 0.06 ± 0.02 0.08 ± 0.01 1.37 ± 0.02

8g 0 0 0

Tamoxifen 0.12 ± 0.001 0.24 ± 0.02 0.15 ± 0.13

Data are means ± SD of three independent experiments
a GI50 was defined as the concentration resulting in 50% growth inhi-
bition
b All the compounds were characterized by NMR, mass spectroscopy

olution QSTAR XL hybrid MS/ MS system using methanol
as a solvent. Melting points were recorded on a Buchi R-535
apparatus and are uncorrected.

Synthetic procedures and spectroscopic data

Procedure for the synthesis of 7-(4-(3-chloropropanoyl)piperaz
in-1-yl)-1-cyclopropyl-6-fluoro-4- oxo-1,4-dihydroquinoline-
3-carboxylic acid (4)
Ciprofloxacin 3 (2.5 g, 7.54 mmol) and triethylamine
(1.3mL, 9mmol)were added in 30mLof dryCH2Cl2 at 0 ◦C,
after stirring for 10min 3-chloropropionyl chloride (0.87mL,
9.05mmol)was added drop-wise under stirring, and the reac-
tion mixture was stirred for about 1.2 h at room temperature.
After the completion of reaction (confirmed by TLC), the
reaction mixture was extracted with CH2Cl2 (40 mL × 3
times). The organic layers were collected, washed with sat-
urated brine solution, dried over anhydrous MgSO4 and
concentrated in vacuo. The remaining residue was washed
with excess diethyl ether and purified by silica gel chro-
matography (CHCl3/MeOH 40:1) to yield desired product.

Procedure for the synthesis of 2-(4-(3-chloropropanoyl)pipe
razin-1-yl)-8-ethyl-5-oxo-5,8-dihydropyrido[2,3-d]pyrimidi
ne-6-carboxylic acid (7)
Pipemidic acid 7 (3.0 g, 9.90 mmol) and triethylamine
(2.06 mL, 14.8 mmol) were added in 35 mL of dry CH2Cl2
at 0 ◦C, after stirring for 10 min 3-chloropropionyl chloride

(1.14 mL, 11.88 mmol) was added drop-wise under stirring,
and the reaction mixture was stirred for about 1.2 h at room
temperature. After the completion of reaction (confirmed
by TLC), the reaction mixture was extracted with CH2Cl2
(40 mL × 3 times). The organic layers were collected,
washed with saturated brine solution, dried over anhydrous
MgSO4 and concentrated in vacuo. The remaining residue
was washed with excess diethyl ether and purified by sil-
ica gel chromatography (CHCl3/MeOH 35:1) to yield the
desired product.

Procedure for the synthesis of 1-cyclopropyl-6-fluoro-4-oxo-
7-(4-(3-((1-phenyl-1H-tetrazol-5-yl)thio)propanoyl)piperaz
in-1-yl)-1,4-dihydroquinoline-3-carboxylic acid (5b)
To a solution of substituted 1-phenyl-1H -tetrazole-5-thiol 2b
(1.123 mmol) in ethanol (4 mL) and triethylamine (0.23 mL,
1.685 mmol) were added and stirred for 10 min at rt
under N2 atmosphere. To the resultant mixture, compound
4 (1.123 mmol) was added and stirred for 3 h at 80 ◦C.
After the reactionwas complete, as indicated byTLC, ethanol
was evaporated in vacuo. The reaction mixture was extracted
with CH2Cl2 (20 mL × 3 times). The organic layers were
collected, washed with saturated brine solution, dried over
anhydrous MgSO4 and concentrated in vacuo. The result-
ing crude material was purified by column chromatography
(CHCl3/MeOH 33:1) to yield desired product. All other
remaining target compounds were prepared as similar man-
ner.

Procedure for the synthesis of 8-Ethyl-5-oxo-2-(4-(3-((1-
phenyl-1H-tetrazol-5-yl)thio)propanoyl) piperazin-1-yl)-5,8-
dihydropyrido[2,3-d]pyrimidine-6-carboxylic acid (8b)
To a solution of substituted 1-phenyl-1H -tetrazole-5-thiol 2b
(1.123mmol) in ethanol (4mL) and triethylamine (0.156mL,
1.345 mmol) were added and stirred for 10 min at rt
under N2 atmosphere. To the resultant mixture, compound
4 (1.123 mmol) was added and stirred for 3 h at 80 ◦C. After
the reaction was complete, as indicated by TLC, ethanol
was evaporated in vacuo. The reaction mixture was extracted
with CH2Cl2 (20 mL × 3 times). The organic layers were
collected, washed with saturated brine solution, dried over
anhydrous MgSO4 and concentrated in vacuo. The result-
ing crude material was purified by column chromatography
(CHCl3/MeOH 30:1) to get the title compound. All other
remaining target compounds were prepared as similar man-
ner.

1-Cyclopropyl-7-(4-(3-((1-ethyl-1H-tetrazol-5-yl)thio)propa
noyl)piperazin-1-yl)-6-fluoro-4-oxo-1,4-dihydroquinoline-3-
carboxylic acid (5a)
Yield 88%, White crystalline solid, m.p. 156–157 ◦C; 1H
NMR (500 MHz, CDCl3) δ 14.88 (br s, 1H), 8.77 (s, 1H),
8.05 (s, 1H), 7.35 (s, 1H), 4.27 (q, J = 7.5 Hz, 2H), 4.01–3.70
(m, 4H), 3.63 (t, J = 6.5 Hz, 2H), 3.58–3.51 (m, 1H), 3.42–
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3.26 (m, 4H), 3.07 (t, J =6.5Hz, 2H), 1.52 (t, J =7.5Hz, 3H),
1.31–1.14 (m, 4H); 13C NMR (126 MHz, CDCl3) δ 177.0,
169.0, 166.8, 147.6, 139.0, 128.8, 126.9, 120.3, 112.6, 108.2,
105.2, 49.9, 45.0, 42.6, 35.3, 33.2, 28.4, 14.2, 8.3; HRMS
(ESI) calcd forC23H27O4N7FS, 516.18238 [M+H]+; found,
516.18077.

1-Cyclopropyl-6-fluoro-4-oxo-7-(4-(3-((1-phenyl-1H-tetra
zol-5-yl)thio) propanoyl)piperazin-1-yl)-1,4-dihydroquino
line-3-carboxylic acid (5b)
Yield 90%, White solid, m.p. 234–235 ◦C; 1H NMR
(500MHz, CDCl3) δ 14.91 (br s, 1H), 8.72 (s, 1H), 7.98 (d,
J = 3.2 Hz, 1H), 7.61–7.51 (m, 5H), 7.37 (s, 1H), 4.00–3.79
(m, 4H), 3.70 (t, J = 6.5 Hz, 2H), 3.59 (s, 1H), 3.42–3.29 (m,
4H), 3.09 (t, J = 6.5 Hz, 2H), 1.44–1.37 (m, 2H), 1.28–1.16
(m, 2H); 13C NMR (75MHz, CDCl3 + DMSO-d6) δ 173.8,
171.6, 159.6, 152.4, 150.0, 143.7, 138.1, 134.3, 128.7, 125.0,
117.0, 112.6, 110.3, 54.2, 49.7, 40.4, 37.8, 33.5, 12.9; HRMS
(ESI) calcd forC27H27O4N7FS, 564.18238 [M+H]+; found,
516.18103.

7-(4-(3-((1-Benzyl-1H-tetrazol-5-yl)thio)propanoyl)piperaz
in-1-yl) -1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydroquinoline-
3-carboxylic acid (5c)
Yield 92%, Light brown solid, m.p. 181–182 ◦C; 1H NMR
(500 MHz, CDCl3) δ 14.91 (br s, 1H), 8.75 (s, 1H), 8.02
(d, 1H), 7.45–7.18 (m, 6H), 5.41 (s, 2H), 3.99–3.64 (m,
5H), 3.58 (t, J = 5.7 Hz, 2H), 3.42–3.32 (m, 4H), 3.03 (t,
J = 5.7 Hz, 2H), 1.45–1.35 (m, 2H), 1.15–1.25 (m, 2H);13C
NMR (75 MHz, CDCl3 + DMSO-d6) δ 177.0, 169.0, 166.8,
154.2, 151.9, 147.5, 145.2, 139.0, 132.7, 129.1, 128.8, 128.2,
126.9, 112.7, 108.2, 105.1, 51.0, 49.7, 45.0, 41.47, 35.3, 33.1,
28.8, 8.2; HRMS (ESI) calcd for C28H29O4N7FS, 578.19803
[M + H]+; found, 578.19683.

7-(4-(3-((1-(4-Bromophenyl)-1H-tetrazol-5-yl)thio)propano
yl) piperazin-1-yl)-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydro
quinoline-3-carboxylic acid (5d)
Yield 88%, White solid, m.p. 209–210 ◦C; 1H NMR
(300MHz, CDCl3) δ 14.89 (br s, 1H), 8.78 (s, 1H), 8.06 (s,
1H), 7.71 (d, J = 8.6 Hz, 2H), 7.49 (d, J = 8.6 Hz, 2H), 7.37
(s, 1H), 4.04–3.72 (m, 4H), 3.69 (t, J = 6.2 Hz, 2H), 3.56 (s,
1H), 3.43–3.24 (m, 4H), 3.10 (t, J = 6.2 Hz, 2H), 1.45–1.34
(m, 2H), 1.24–1.14 (m, 2H); 13CNMR(126MHz,CDCl3) δ

175.8, 167.9, 165.6, 153.6, 146.6, 138.0, 131.9, 126.3, 124.3,
122.9, 118.7, 110.9, 106.6, 104.7, 48.6, 43.7, 40.2, 34.5, 31.8,
28.4, 27.6, 7.0; HRMS (ESI) calcd for C27H26O4N7BrFS,
642.09289 [M + H]+; found, 642.09208.

1-Cyclopropyl-6-fluoro-4-oxo-7-(4-(3-((1-(4-(trifluoromethy
l)phenyl)-1H-tetrazol-5-yl)thio)propanoyl)piperazin-1-yl)-1,
4-dihydroquinoline-3-carboxylic acid (5e)
Yield 84%, White solid, m.p. 195–196 ◦C; 1H NMR
(300 MHz, DMSO-d6) δ 14.86 (br s, 1H), 8.63 (s, 1H),

7.88 (s, 1H), 7.83–7.69 (m,2H), 7.49–7.39 (m, 3H) 4.04–
3.66 (m, 7H), 3.48 (br s, 1H), 3.46–3.24 (m, 4H), 3.09 (t,
J = 5.8 Hz, 2H), 1.48–1.29 (m, 2H), 1.27–1.08 (m, 2H); 13C
NMR (75 MHz, DMSO-d6) δ 175.1, 164.9, 163.4, 153.4,
146.1, 143.6, 137.6, 134.8, 126.4, 126.0, 125.6, 122.9, 110.0,
109.8, 105.8, 104.6, 48.09, 47.7, 43.1, 39.6, 34.2, 31.2, 27.3,
6.4; HRMS (ESI) calcd for C28H26O4N7F4S, 632.16976
[M + H]+; found, 632.16920.

1-Cyclopropyl-6-fluoro-4-oxo-7-(4-(3-((1-(2,3,4-trifluoroph
enyl)-1H-tetrazol-5-yl)thio)propanoyl)piperazin-1-yl)-1,4-
dihydroquinoline-3-carboxylic acid (5f)
Yield 86%, Light brown solid, m.p. 172–173 ◦C; 1H NMR
(300 MHz, CDCl3 + DMSO-d6) δ 15.00 (br s, 1H), 8.77
(s, 1H), 8.02 (s, 1H), 7.44–7.33 (m, 1H), 7.30–7.14 (m,
2H), 4.01–3.71 (m, 4H), 3.68 (t, J = 6.0 Hz, 2H), 3.67–
3.57 (m, 1H), 3.43–3.32 (m, 4H), 3.07 (t, J = 6.0 Hz,
2H) 1.49–1.35 (m, 2H), 1.27–1.15 (m, 2H); 13C NMR
(101 MHz, CDCl3) δ 177.7, 166.0, 165.6, 161.2, 160.9,
157.7, 155.4, 149.1, 148.7, 137.7, 128.9, 126.9, 111.1,
109.6, 46.5, 45.0, 43.8, 33.2, 28.7, 14.7, 8.6; HRMS (ESI)
calcd for C27H26O4N7F4S, 618.15403 [M + H]+; found,
618.15322.

1-Cyclopropyl-6-fluoro-4-oxo-7-(4-(3-((1-(3,4,5-trimethoxy
phenyl)-1H-tetrazol-5-yl)thio)propanoyl)piperazin-1-yl)-1,
4-dihydroquinoline-3-carboxylic acid (5g)
Yield 90%, White solid, m.p. 215–216 ◦C; 1H NMR
(500 MHz, CDCl3) δ 14.90 (br s, 1H), 8.73 (s, 1H), 8.00
(dd, J = 12.8, 5.4 Hz, 1H), 7.37 (s, 1H), 6.78 (s, 2H), 3.89
(s, 9H), 3.87–3.72 (m, 4H), 3.70 (t, J = 6.5 Hz, 2H), 3.57 (s,
1H), 3.42–3.28 (m, 4H), 3.09 (t, J = 6.5 Hz, 2H), 1.47–
1.34 (m, 2H), 1.30–1.18 (m, 2H); 13C NMR (126 MHz,
CDCl3) δ 176.9, 168.9, 166.7, 154.5, 153.9, 147.5, 139.2,
138.9, 128.8, 126.9, 120.0, 112.4, 108.0), 105.2, 101.5,
61.0, 56.5, 45.0, 41.4, 35.4, 33.1, 28.6, 8.2; HRMS (ESI)
calcd for C30H33O7N7FS, 654.21407 [M + H]+; found,
654.21395.

8-Ethyl-2-(4-(3-((1-ethyl-1H-tetrazol-5-yl)thio)propanoyl)
piperazin-1-yl)-5-oxo-5,8-dihydropyrido[2,3-d]pyrimidine-
6-carboxylic acid (8a)
Yield 90%, White solid, m.p. 191–192 ◦C; 1H NMR
(500 MHz, CDCl3) δ 14.48 (br s, 1H), 9.31 (d, J = 3.5 Hz,
1H), 8.67 (d, J = 1.9 Hz, 1H), 4.35 (q, J = 7.2 Hz, 2H),
4.27 (q, J = 7.3 Hz, 2H), 4.06 (q, J = 7.6 Hz, 6H), 3.91–
3.77 (m, 8H), 3.72 (q, J = 7.2 Hz, 1H), 3.64 (t, J = 6.3 Hz,
2H), 3.08 (t, J = 6.3 Hz, 2H), 1.51 (t, J = 7.6 Hz, 2H), 1.48
(t, J = 7.2 Hz, 2H); 13C NMR (126 MHz, CDCl3) δ 177.6,
169.2, 166.0, 161.2, 160.8, 155.4, 153.6, 149.1, 128.9, 126.9,
111.0, 109.6, 46.5, 43.9, 42.6, 33.4, 28.4, 14.7, 14.2; HRMS
(ESI) calcd for C20H26O4N9S, 488.18230 [M + H]+; found,
488.18203.
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8-Ethyl-5-oxo-2-(4-(3-((1-phenyl-1H-tetrazol-5-yl)thio)prop
anoyl)piperazin-1-yl)-5,8-dihydropyrido[2,3-d]pyrimidine-
6-carboxylic acid (8b)
Yield 90%, White solid, m.p. 213–214 ◦C; 1H NMR
(500MHz, CDCl3) δ 14.48 (br s, 1H), 9.32 (s, 1H), 8.67 (s,
1H), 7.63–7.45 (m, 5H), 4.35 (q, J = 7.2 Hz, 2H), 4.18–3.88
(m, 4H), 3.82–3.75 (m, 2H), 3.68 (t, J = 6.5 Hz, 2H), 3.64–
3.58 (m, 2H), 3.10 (t, J = 6.5 Hz 2H), 1.50 (t, J = 7.2 Hz,
3H); 13C NMR (75 MHz, CDCl3 + DMSO-D6) δ 175.7,
167.4, 163.9, 159.2, 158.7, 153.6, 152.9, 148.6, 131.6, 128.4,
122.3, 108.5, 107.4, 44.5, 42.8, 42.1, 31.2, 26.9, 12.9; HRMS
(ESI) calcd for C24H26O4N9S, 536.18230 [M + H]+; found,
536.18082.

2-(4-(3-((1-Benzyl-1H-tetrazol-5-yl)thio)propanoyl)pipera
zin-1-yl)-8-ethyl-5-oxo-5,8-dihydropyrido[2,3-d]pyrimidi
ne-6-carboxylic acid (8c)
Yield 89%, White solid, m.p. 220–221 ◦C; 1H NMR
(500MHz, CDCl3) δ 14.49 (br s, 1H), 9.27 (s, 1H), 8.67 (s,
1H), 7.44–7.24 (m, 5H), 5.43 (s, 2H), 4.36 (q, J = 5.4 Hz,
2H), 4.27–3.68 (m, 8H), 3.59 (t, J = 6.0 Hz, 2H), 3.02 (t,
J = 6.0Hz, 2H), 1.50 (t, J = 5.4Hz, 3H); 13CNMR (75MHz,
CDCl3) δ 177.6, 169.2, 166.0, 161.0, 155.4, 154.2, 149.1,
132.7, 129.1, 128.2, 127.0, 111.0, 109.5, 51.0, 46.5, 43.9,
33.2, 28.7, 14.7; HRMS (ESI) calcd for C25H28O4N9S,
550.19795 [M + H]+; found, 550.19630.

2-(4-(3-((1-(4-Bromophenyl)-1H-tetrazol-5-yl)thio)propan
oyl)piperazin-1-yl)-8-ethyl-5-oxo-5,8-dihydropyrido[2,3-d]
pyrimidine-6-carboxylic acid (8d)
Yield 88%, White solid, m.p. 195–196 ◦C; 1H NMR
(500 MHz, DMSO) δ 14.73 (br s, 1H), 9.21 (s, 1H), 8.91
(s, 1H), 7.94–7.79 (m, 2H), 7.67–7.59 (m, 2H), 4.39 (q,
J = 6.4 Hz, 2H), 4.07–3.69 (m, 8H), 3.43 (t, J = 6.0 Hz,
2H), 2.97 (t, J = 6.0 Hz, 2H), 1.35 (t, J = 6.4 Hz, 3H);
13C NMR (75 MHz, CDCl3 + DMSO-d6) δ 175.2, 174.3,
167.1, 163.6, 158.9, 158.3, 153.3, 152.9, 148.7, 131.1, 124.5,
121.8, 107.9, 107.6, 44.1, 41.9, 41.6, 39.1, 36.1, 30.7, 26.9,
12.5; HRMS (ESI) calcd for C24H25O4N9BrS, 614.09281
[M + H]+; found, 614.09235.
8-Ethyl-5-oxo-2-(4-(3-((1-(4-(trifluoromethyl)phenyl)-1H-
tetrazol-5-yl)thio)propanoyl)piperazin-1-yl)-5,8-dihydrop
yrido[2,3-d]pyrimidine-6-carboxylic acid (8e)
Yield 82%, White solid, m.p. 185–186 ◦C; 1H NMR
(300MHz, CDCl3) δ 14.48 (br s, 1H), 9.29 (s,1 H), 8.68 (s,
1H), 7.90–7.73 (m, 4H), 4.35 (q, J = 7.1 Hz, 2H), 4.24–3.88
(m, 4H), 3.90–3.56 (m, 6H), 3.10 (t, J = 6.1 Hz, 2H), 1.50 (t,
J = 7.1 Hz, 3H); 13C NMR (75 MHz, CDCl3 +DMSO-d6)
δ 177.0, 168.5, 165.4, 160.5, 160.1, 154.8, 154.2, 148.8,
135.8, 126.5, 123.4, 110.2, 108.9, 45.9, 44.3, 43.3, 32.7, 28.2,
14.1; HRMS (ESI) calcd for C25H25O4N9F3S, 604.16968
[M + H]+; found, 604.16888.

8-Ethyl-5-oxo-2-(4-(3-((1-(2,3,4-trifluorophenyl)-1H-tetra
zol-5-yl)thio)propanoyl)piperazin-1-yl)-5,8-dihydropyrido
[2,3-d]pyrimidine-6-carboxylic acid (8f)
Yield 86%, Light brown solid, m.p. 177–178 ◦C; 1H NMR
(300MHz, CDCl3) δ 14.54 (br s, 1H), 9.28 (s, 1H), 8.66 (s,
1H), 8.07–7.02 (m, 2H), 4.35 (q, J = 7.5 Hz, 2H) 4.21–3.92
(m, 4H), 4.23–3.60 (m, 6H), 3.26 (t, J = 6.7 Hz, 2H), 0.98
(t, J = 7.5 Hz, 3H); 13C NMR (75 MHz, CDCl3) δ 177.0,
168.7, 166.8, 155.2, 151.9, 147.5, 145.3, 128.8, 126.9, 112.6,
112.3, 108.1, 105.1, 49.6, 45.0, 41.5, 35.3, 27.0, 10.1; HRMS
(ESI) calcd for C24H23O4N9F3S, 590.15392 [M + H]+;
found, 590.15307.

8-Ethyl-5-oxo-2-(4-(3-((1-(3,4,5-trimethoxyphenyl)-1H-tetr
azol-5-yl)thio)propanoyl)piperazin-1-yl)-5,8-dihydropyrido
[2,3-d]pyrimidine-6-carboxylic acid (8g)
Yield 92%, White solid, m.p. 204–205 ◦C; 1H NMR
(300 MHz, CDCl3) δ 14.48 (br s, 1H), 9.29 (s, 1H), 8.68
(s, 1H), 6.78 (s, 2H), 4.34 (t, J = 6.8 Hz, 2H), 4.17–3.96 (m,
6H), 3.90 (s, 9H), 3.83–3.71 (m, 2H), 3.69 (t, J = 6.0 Hz,
2H), 3.10 (t, J = 6.0 Hz, 2H), 1.50 (t, J = 6.8 Hz, 3H);
13C NMR (75 MHz, CDCl3 + CD3OD) δ 179.1, 171.3,
168.1, 162.5, 162.3, 155.1, 151.3, 140.3, 130.2, 111.4, 110.7,
103.2, 62.2, 57.8, 48.1, 45.4, 34.5, 29.9, 15.8; HRMS (ESI)
calcd for C27H32O7N9S, 626.21399 [M + H]+; found,
626.21341.

Experimental biology

Antiproliferative activity

The antiproliferative activity of the prepared tetrazole con-
taining ciprofloxacin and pipemidic acid hybrids was eval-
uated on the basis of measurement of in vitro growth of
tumor cell lines in 96 well plates by SRB cell proliferation
assay [25,27] using tamoxifen as a standard control. Cancer
cell lines utilized for antiproliferative assay, namely SiHa,
MDA-MB-231 and PANC-1 were procured from the Amer-
ican Type Culture Collection. The required cell lines were
grown in the specific growth medium (Dulbecco’s modi-
fied Eagle’s medium) containing 10% fetal bovine serum
(FBS) in a humidified atmosphere of 5% CO2 at 37 ◦C,
and these subconfluent cells were trypsinized from T25
flasks/60-mmdishes and seeded in 96-well plates. A protocol
of 48-h continuous drug exposure was used and evalu-
ated by SRB cell proliferation assay was used to estimate
cell viability or growth. The GI50 values (50% inhibitory
concentration) were calculated from the plotted absorbance
data for the dose response curves. GI50 values (in µM)
are expressed as the average of two independent experi-
ments.
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Antimicrobial activity

The antimicrobial activity [25,28] of the synthesized com-
pounds was evaluated by two methods (1) zone of growth
inhibition by agar well diffusion method (2) tube dilu-
tion method to determine minimum inhibitory concen-
tration (MIC). The antimicrobial activity was performed
against six bacterial strains. Among the six bacterial strains
tested, three are Gram-positive (Bacillus subtilis, Micro-
coccus luteus and Bacillus megatherium) and the other
three are Gram-negative (Escherichia coli, Salmonella typhi
andPseudomonas aeruginosa). Also, in the present study,
three standards (ciprofloxacin, pipemidic acid and strepto-
mycin B) were used as positive controls for comparative
studies. All the compounds (synthesized and positive con-
trols) were solubilized in DMSO at a concentration of
1 mg/mL. In order to assess any DMSO effect, a well was
loaded with DMSO serving as negative control.

Zone of growth inhibition test Initially, the media required
for bacterial growth, and the Petri dishes used for perform-
ing activity were autoclaved at 121 ◦C for 15 min. Later,
the sterilized media was poured in to Petri plates and kept
aside for 30 min to solidify. After solidification, the plates
were spread with 60µL of test inoculums using sterile cotton
swabs. Wells were made with sterile cork borer, and in each
well exactly 100µL of sample was loaded along with control
and standard in separate wells. Then, the plates were incu-
bated at 4 ◦C for 20–30min to allow the compounds to diffuse
into the agar and then subsequently incubated at 37 ◦C. After
24 h of incubation, the diameters of the zones of inhibition
were measured in millimeters using a calibrated scale

Tube dilution method Compounds exhibiting significant
activity in the agar well diffusion method were selected for
determining MIC (minimum inhibitory concentration). The
concentrations of synthesized and positive controlswere seri-
ally diluted concentration range from 1000 to 3.90 µg/mL
were added to sterile test tubes, and one tube without drug
serves as control. Then, the tubes were inoculated with
1.0 mL of tested culture having their growth absorbance of
0.2 optical densities at 540 nm. Later, the tubes were incu-
bated at 37 ◦C for growth. After 12–16 h incubation time,
the turbidity of each tube is visually observed with respect to
control tube and the MIC values were noted where no visual
observation of growth appeared.

Supporting information

Full experimental details, spectral data of the products, and
1H NMR and 13C NMR spectra of all the new compounds

can be found via the Supplementary content section of this
article’s Web page.
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