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ABSTRACT: A series of novel benzhydryl piperazine-coupled nitrobenzenesulfonamide hybrids were synthesized with good to
excellent yields. They were tested for in vitro inhibition of mycobacterial activity against theMycobacterium tuberculosis H37Rv strain,
in vitro cytotoxicity MTT (RAW 264.7cells) assay, nutrient starvation (H37Rv strain), and ability to block Cav3.2 T-type calcium
channels. Novel hybrids did not inhibit T-type calcium channels, whereas they showed excellent antituberculosis (TB) activity and
low cytotoxicity with a selectivity index of >30. A direct impact of the amino acid linker was not observed. Studied hybrids exhibited
good inhibition activities, and the 2,4-dinitrobenzenesulfonamide group emerged as a promising scaffold for further drug design by
hybridization approaches for anti-TB therapy.

■ INTRODUCTION

Mycobacterium tuberculosis (Mtb) is the bacterium that causes
tuberculosis (TB) and most frequently affects the lungs. TB is
highly prevalent, with the World Health Organization
estimates indicating that as many as 1.8 billion people are
infected with Mtb. Last year, 10 million contracted TB, leading
to over 1 million deaths. TB is considered to be among the top
10 causes of death worldwide and the predominant cause of
infection by a single pathogen.1 The United Nations General
Assembly has urged efforts to end TB. Mtb has the propensity
to adapt to treatments, thus leading to multidrug-resistant
(MDR) and extremely drug-resistant (XDR) strains and thus
an increasing dearth of available antibiotic treatments. One of
the challenges is the fact that Mtb has an unusual composition
and structure of the mycobacterial cell wall that prevents
efficient entry of antibiotic drugs, thus contributing to
resistance. Individuals infected with MDR-TB require treat-
ment with a cocktail of 6−8 drugs over an extended period of
up to 24 months.2 Hence, the requirement for effective
chemotherapeutic agents to reduce the treatment period and
to combat this disease is much higher than ever before.

There has been a major effort by the research community to
devise a new tool kit of anti-TB drugs by either modifying
existing drugs or developing entirely new agents.3 Efforts have
been steered toward the hybridization of chemical entities with
biological activities for the effective development of new drugs
against TB. Such a rational approach has the potential to
overcome MDR and XDR TB strains that may occur due to
interruption in the first-line drug therapy, which is normally for
6 months. Molecular hybridization (MH) is one among the
emerging drug design efforts which are based on the
incorporation of different pharmacophores to obtain a novel
hybrid. Typically, the resultant hybrid may exhibit enhanced
activity compared to the parent scaffold due to the resultant
dual action mode. This has so far led to the development of a
number of novel anti-TB scaffolds.4
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Piperazine as a precursor and/or linker is a prime scaffold for
enhancing the druggability of compounds. Piperazine is useful
for targeting multiple pharmacological activities,5 and it is
present in more than 300 clinical drugs presently in use.
Disubstituted nitrogen in the piperazine ring plays an
important role in exerting selectivity and potency against
various biological targets.6,7

Benzhydrylpiperazine groups are found in bioactive
molecules that have antihistaminic activities, dopaminergic,
antiviral, and anticancer properties.8,9 Antimicrobial inhibition
has been reported10−12 and is expected to increase anti-TB
activity probably by enhancing the lipophilicity of molecules.
Moreover, a smaller substituent such as hydrogen/fluorine at
the fourth position on the aromatic diphenyl ring may decrease
molecular refractivity. However, benzhydrylpiperazines such as
cyclizine, chlorcyclizine, flunarizine, and cetirizine can act as
calcium channel blockers and are presently used clinical drugs.
In our earlier report, substituted benzhydrylpiperazines gave
rise to a new T-type calcium channel blocker with efficacy as
an analgesic.13

The wide applicability of a sulfonamide framework in drug
design is attributed to the use of inexpensive starting materials
and the adoption of a simple synthetic strategy to wangle
diverse molecules. This includes compounds targeting a range
of diseases14 and drugs with antimycobacterial activity.15

Lipophilicity plays a crucial role in biological activities. A
sulfonamide group may contribute to enhanced anti-TB
activity by increasing lipophilicity.15,16 Sulfonyl piperazine is
an attractive scaffold because of its cost-effectiveness, low
toxicity, and the fact that it was reported as a possible anti-TB
candidate.17−20 However, electron-deficient aromaticity in-
duced by dinitrosubstituted benzene sulfonamide drastically
enhanced the in vitro anti-TB activity.21

Amino acids are an important class for the design and
development of potential pharmaceutical drugs and are well
utilized in molecular modification tools such as hybridization
and prodrug design.22 Strategically linking amino acids to an
active pharmacophore has been reported to yield novel hybrids
that make drug candidates less toxic, have reasonable
bioavailability/permeability, have better metabolic and phar-
macokinetic properties,23 and have been successfully incorpo-
rated into peptidomimetics and peptide analogues.24

The hybridization of biologically active molecules with
chemical alterations is a powerful tool for drug discovery as it
enhances pharmaceutical, pharmacokinetic, or pharmacody-
namic parameters. We designed and synthesized hybrid
derivatives integrated into three parts: benzhydrylpiperazine
as the key core moiety, amino acids as a linker for enhancing
desired pharmacophoric behavior, and nitrobenzene sulfona-
mide for lipophilicity control based on the molecular
hybridization approach. The variations in the proposed scaffold
were accomplished in all three parts for a better structure−
activity relationship, as shown in (Figure 1)

■ RESULTS AND DISCUSSION

Syntheses. Scheme 1 describes the synthesis of designed
hybrids 7a−aa. We adopted a reported procedure13,25,26 with
slight modification in the reduction of appropriate benzophe-
nones 1a−b into compounds 2a−b by sodium borohydride.
Dehydroxy chlorination of 2a−b was achieved by thionyl
chloride, followed by treatment with piperazine to yield 4a−b
{1-benzhydryl piperazine (4a) and 1-(bis(4-fluorophenyl)-
methyl) piperazine (4b)}. Treatment of substituted benzhydryl

piperazine with the appropriate Boc-protected amino acids
catalyzed by HATU and DIPEA yielded the amide derivatives
5. Boc deprotection was achieved by trifluoroacetyl (TFA) to
yield corresponding amine derivatives 6a−l. Commercially
available nitro-substituted benzene sulfonyl chloride was
treated with amines 6a−l using DIPEA as a base for
compounds 7a−aa. All of the synthesized products were
purified by column chromatography utilizing silica gel (100−
200 mesh) with 2−6% methanol in dichloromethane as the
eluent, followed by triturating with a mixture of n-pentane/
diethyl ether (1:1). The synthesized compounds were
confirmed by analytical and spectral data (1H NMR, 13C
NMR, liquid chromatography−mass spectrometry, and
elemental analysis). The general procedure to prepare the
target compounds 7a−aa and the spectral characterization of
compounds 7a−aa is included in the Supporting Information.

In Vitro Antimycobacterial Activity. All hybrids 7a−aa
were screened for in vitro anti-TB against M. tuberculosis
H37Rv (ATCC27294) using the agar dilution method for the
determination of the minimum inhibitory concentration
(MIC) in triplicate. The minimum concentration required to
completely inhibit bacterial growth is denoted as MIC. The
preliminary MIC values (1 g/mL) of 7a−aa and standard
drugs for correlation are presented in Table 1.
These hybrids were screened and compared to isoniazid

(0.05 μg/mL), rifampicin (0.1 μg/mL), and ethambutol (1.56
μg/mL), the well-known anti-TB drugs in clinical use. All
compounds exhibited in vitro activity against Mtb with MIC
ranging from 0.78 to >25 μg/mL. The preliminary MIC data
confirmed that all 2,4-dinitrobenzenesulfonamide derivatives
were more potent than the corresponding 2- or 4-nitro
derivatives. Among all these hybrids, 7a and 7r exhibited MIC
at 1.56 μg/mL and were equally active as ethambutol, while 7y,
7s, 7o, 7z, 7v, 7k, 7aa, and 7l displayed MIC at 0.78 μg/mL
and were superior to Ethambutol, comparable to rifampicin
and inferior with respect to isoniazid. 2- or 4-Nitro-
benzenesulfonamide derivatives were found to be less potent
than standard drugs. The obtained results are in accordance
with findings reported in the literature,21 namely, electron-
withdrawing groups such as 2,4-dinitro on the phenyl ring of
the sulfonamide group were found to be the most potent
analogues. Introducing fluorine can lead to a tremendous
increase in biological activities.27,28 Therefore, the hydrogen of
benzhydryl piperazine was replaced with a fluorine atom.
Unfortunately, no significant improvement in activity was
observed by fluorine-containing hybrids. Amino acids such as
alanine, pyrrolidine-3-carboxylic acid, piperidine-3-carboxylic
acid, and 4-aminobutanoic acid emerged as better linkers
without improving activity.

Figure 1. Hybridization approach.
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Cytotoxicity Determination. The active compounds in
the in vitro antimycobacterial activity test were further tested
for in vitro cytotoxicity using the (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay against mouse
macrophage RAW 264.7 cells at 50 μg/mL. The MTT assay is
a colorimetric assay in which the yellow tetrazolium salt MTT

is reduced to purple formazan crystals by metabolically active
cells. The darker the solution, the greater the number of viable,
metabolically active cells. The percentage inhibition of cells
was investigated in triplicate; the approximate IC50, selectivity
index (SI), and nutrient starvation (H37Rv strain) are shown
in Table 2.

Scheme 1. Synthesis of 1-Benzhydryl-4-(arylsulfonyl)piperazine

Table 1. Antimycobacterial Activities of Compound 7a−aa against the Mtb H37Rv Strain

s. no R R1 Y MIC (μg/mL) s. no R R1 Y MIC (μg/mL)

7a -H 2,4-dinitro 1.56 7p -H 2-nitro piperidine-4-carboxylic acid >25

7b -H 2-nitro >25 7q -H 4-nitro piperidine-4-carboxylic acid >25

7c -H 4-nitro >25 7r -F 2,4-dinitro piperidine-4-carboxylic acid 1.56

7d -F 2,4-dinitro >25 7s -H 2,4-dinitro piperidine-3-carboxylic acid 0.78

7e -F 2-nitro >25 7t -H 2-nitro piperidine-3-carboxylic acid >25

7f -H 4-nitro >25 7u -H 4-nitro piperidine-3-carboxylic acid >25

7g -H 2,4-dinitro glycine 12.50 7v -F 2,4-dinitro piperidine-3-carboxylic acid 0.78

7h -F 2,4-dinitro glycine 25 7w -F 2-nitro piperidine-3-carboxylic acid >25

7i -F 2-nitro glycine >25 7x -F 4-nitro piperidine-3-carboxylic acid >25

7j -F 4-nitro glycine 25 7y -H 2,4-dinitro pyrrolidine-3-carboxylic acid 0.78

7k -H 2,4-dinitro alanine 0.78 7z -F 2,4-dinitro pyrrolidine-3-carboxylic acid 0.78

7l -F 2,4-dinitro alanine 0.78 7aa -F 2,4-dinitro 4-amino butanoic acid 0.78

7m -F 2-nitro alanine >25 Isoniazid 0.05

7n -F 4-nitro alanine 25 Rifampicin 0.10

7o -H 2,4-dinitro piperidine-4-carboxylic acid 0.78 Ethambutol 1.56

Table 2. In Vitro Cytotoxicity and Nutrient Starvation Studies of Active Derivatives

compound MIC (μg/mL) % cell inhibition at 50 μg/mL IC50 approximation (μg/mL) SI index (IC50/MIC) nutrient starvation

7y 0.78 59.6 >50 >60 1.5 folds

7s 0.78 59.2 >50 >60 2.5 folds

7o 0.78 57.2 >50 >60 1.5 folds

7z 0.78 60.4 >50 >60 1.5 folds

7v 0.78 55.7 >50 >60 1.2 folds

7k 0.78 61.4 >50 >60 2.2 folds

7aa 0.78 59.2 >50 >60 1.0 folds

7l 0.78 60.2 >50 >60 1.8 folds

7a 1.56 57.6 >50 >30 0.8 fold

7r 1.56 57.2 >50 >30 2.2 folds

Isoniazid 0.05 97 >25 >500 1.5 folds

Rifampicin 0.1 90 >25 >250 1.8 folds
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2,4-Dinitrobenzenesulfonamide hybrids exhibited cell per-
centage inhibition in the range of 55.7−61.4%. Compounds
that showed <50% inhibition were considered inactive. The
ratio between in vitro cytotoxicity (IC50 in μg/mL) and anti-
TB activity (MIC in μg/mL) determines the SI. Compounds
that exhibited SI values greater than 10 in H37Rv cells were
considered nontoxic. The SI values for all are >30, indicating
low toxicity with high selectivity and further suitability in an
endeavor to attain lead molecules for further drug develop-
ment.
Nutrient Starvation Model. M. tuberculosis cultures were

starved of nutrients in PBS for 6 weeks.
After 6 weeks, the culture was treated with the synthesized

hybrids along with standard drugs at a concentration of 10 μg/
mL. Isoniazid and rifampicin were selected for standard
comparison with inhibition of 1.5-fold and 1.8-fold reduction,
respectively. All tested hybrids displayed a log reduction in the
range from 0.8-fold to 2.5-fold. This indicates that all
compounds exhibited better activities than standard drugs on
dormant cultures except 7s, 7k, and 7r. Three hybrids offer
compelling inhibition of growth of M. tuberculosis (above 2-
fold) in the current model as compared to the control, as
shown in Figure 2.

T-Type Ca2+ Channel Blocking Activity. Given that
certain piperazines can be potent T-type channel blockers, the
blocking effects of all hybrids 7a−aa were tested on transiently
expressed Cav3.2 T-type calcium channels at concentrations of
10 and 30 μM. This was done by using whole-cell patch-clamp
recordings identical to what we described recently.13 None of
the compounds mediated an inhibition greater than 20% at 30
μM concentrations, and this corresponds to an IC50 of 120
μM or greater. Hence, we conclude that the derivatives
examined here are unlikely to mediate and significant T-type
channel blocking activity at doses at which they are effective as
antimicrobial agents.
Multiple possible mechanisms of action for these sulfona-

mide derivatives have been postulated. It was hypothesized
that the 2,4-dinitrobenzenesulfonamides may produce oxida-
tive stress29 via formation of reactive oxygen species (ROS)
and sulfur dioxide (SO2). The nitro group can be reduced by
cofactor FADH2 to a corresponding nitroso intermediate. Cine
addition to target-active hydroxyl intermediates thereby causes
the subsequent suicide inhibition of the enzyme.21 An electron-
deficient benzene ring with a thiol produces a Meisenheimer
complex that dissociates to generate SO2, as shown in Figure

3.30 Apart from oxidative stress, carbonic anhydrase inhib-
itors,31 dihydropteroate synthase and dihydrofolate reductase
inhibition,32 resistance to the aminoglycoside antibiotic
kanamycin A,33 and an undefined mechanism associated with
Wag3133,34 may be responsible for desired inhibition.
There was no influence when using the fluorine atom instead

of hydrogen on activity. Amino acids were able to retain anti-
TB activity, as shown in Figure 4.

■ EXPERIMENTAL SECTION

General. All the reagents and anhydrous solvents were
purchased from Sigma-Aldrich, Alfa Aesar, and TCI. All
reactions were carried out under a nitrogen atmosphere, and
solvents were transferred using a syringe. Nuclear magnetic
resonance spectra (1H NMR and 13C NMR) were recorded in
DMSO-d6. The chemical shifts are reported in parts per
million, splitting patterns are designated as follows: s, singlet;
d, doublet; t, triplet; q, quadruplet; m, multiplet; brs, broad
singlet; dd, doublet of doublet, and the coupling constant (J) is
expressed in Hertz (Hz). Melting points (mps) were analyzed
in open capillary tubes; thin-layer chromatography was carried
out on silica gel F-254 plates purchased from Merck.
Compounds 5a−5K were synthesized as per the literature.25,26

Syntheses. General Procedure for the Synthesis of
Compounds 7a−7aa. To a stirred solution of compounds
5a−5K (1.0 equiv) in DCM (10.0 mL), TFA (3.0 equiv) was
added and stirred at r.t. for 2h. The reaction mass was
evaporated to dryness and codistilled twice with DCM to yield
amines 6a−6k as TFA salts (not isolated), dissolved in DCM
(10.0 mL) and DIPEA (5.0 equiv), followed by appropriate
addition of sulfonyl chloride (1.2 equiv), and stirred at r.t. for 1
h. The reaction mixture was evaporated, and the crude extract
was purified by silica gel column chromatography using ethyl
acetate in n-hexane (20−40% v/v) as the eluent to yield
compounds 7a−7aa.

1-Benzhydryl-4-((2,4-dinitrophenyl)sulfonyl)piperazine
(7a). Using 4a and 2,4-dinitro benzenesulfonyl chloride as
starting materials, compound 7a was obtained with yield: 65%,
off-yellow solid. mp 196−200 °C; 1H NMR (DMSO-d6, 400
MHz): δ 2.37 (4H, brs, 2 × piperazine−CH2), 3.25 (4H, brs, 2
× piperazine−CH2), 4.36 (1H, s, CH), 7.16 (2H, t, J = 7.2, 2 ×
Ar−H), 7.26 (4H, t, J = 7.5, 4 × Ar−H), 7.37 (4H, d, J = 7.4, 4
× Ar−H), 8.22 (1H, d, J = 8.7, Ar−H), 8.57 (1H, dd, J = 8.7 &
2.1, Ar−H), 9.00 (1H, d, J = 2.0, Ar−H); 13C NMR (DMSO-
d6, 100 MHz): δ 45.94, 50.42, 73.89, 119.93, 126.81, 126.97,
127.46, 128.54, 132.22, 133.74, 142.07, 147.83, 150.15; MS
(ESI positive) m/z: 483.02 [M + H]+. Elemental analysis
calculated for C23H22N4O6S: C, 57.25; H, 4.60; N, 11.61.
Found: C, 57.28; H, 4.63; N, 11.65.

1-Benzhydryl-4-((2-nitrophenyl)sulfonyl)piperazine (7b).
Using 4a and 2-nitrobenzene sulfonyl chloride as starting
materials, compound 7b was obtained with yield: 72%, off-
white solid. mp 132−136 °C; 1H NMR (DMSO-d6, 400
MHz): δ 2.36 (4h, brs, 2 × piperazine−CH2), 3.19 (4H, brs, 2
× piperazine−CH2), 4.33 (1H, s, CH), 7.16 (2H, t, J = 7.2, 2 ×
Ar−H), 7.26 (4H, t, J = 7.4, 4 × Ar−H), 7.37 (4H, d, J = 7.3, 4
× Ar−H), 7.84−7.99 (4H, m, 4 × Ar−H); 13C NMR (DMSO-
d6, 100 MHz): δ 45.89, 50.48, 74.06, 124.09, 126.92, 127.46,
128.52, 130.42, 132.18, 134.84, 142.16, 147.97; MS (ESI
positive) m/z: 437.9 [M + H]+. Elemental analysis calculated
for C23H23N3O4S: C, 63.14; H, 5.30; N, 9.60. Found: C, 63.18;
H, 5.35; N, 9.58.

Figure 2. Biological activities of the active compounds against M.
tuberculosis in the nutrient starvation model. Bacterial count
estimation (mean ± S.D., n = 3) for control and treated groups
were conducted by using the MPN (most probable number) assay (p
< 0.0001, two-way ANOVA using GraphPad Prism software.)
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1-Benzhydryl-4-((4-nitrophenyl)sulfonyl)piperazine (7c).
Using 4a and 4-nitrobenzene sulfonyl chloride as starting
materials, compound 7c was obtained with yield 46%, off-white
solid; mp 216−218 °C; 1H NMR (DMSO-d6, 400 MHz): δ
2.35 (4H, brs, 2 × piperazine−CH2), 2.99 (4H, brs, 2 ×

piperazine−CH2), 4.31 (1H, s, CH), 7.14 (2H, t, J = 7.2, 2 ×

Ar−H), 7.23 (4H, t, J = 7.4, 4 × Ar−H), 7.33 (4H, d, J = 7.3, 4
× Ar−H), 7.98 (2H, d, J = 8.8, 2 × Ar−H), 8.45 (2H, d, J =
7.2, 2 × Ar−H); 13C NMR (DMSO-d6, 100 MHz): δ 46.00,
50.21, 74.01, 124.67, 126.91, 127.41, 128.49, 129.09, 140.45,
142.14, 150.07; MS (ESI positive) m/z: 437.9 [M + H]+.
Elemental analysis calculated for C23H23N3O4S: C, 63.14; H,
5.30; N, 9.60. Found: C, 63.17; H, 5.36; N, 9.59.
1-(Bis(4-fluorophenyl)methyl)-4-((2,4-dinitrophenyl)-

sulfonyl)piperazine (7d). Using 4b and 2,4-dinitrobenzene-
sulfonyl chloride as starting materials, compound 7d was
obtained with yield: 65%, off-brown solid; mp 192−196 °C;
1H NMR (DMSO-d6, 400 MHz): δ 2.35 (4H, brs, 2 ×

piperazine−CH2), 3.24 (4H, brs, 2 × piperazine−CH2), 4.45
(1H, s, CH), 7.12 (4H, t, J = 7.5, 4 × Ar−H), 7.38 (4H, t, J =
8.2, 4 × Ar−H), 8.22 (1H, d, J = 8.7, Ar−H), 8.58 (1H, dd, J =
8.7 & 2.0, Ar−H), 8.99 (1H, d, J = 2.0, Ar−H); 13C NMR
(DMSO-d6, 100 MHz): δ 45.89, 50.23, 71.86, 115.22, 115.43,
119.92, 126.80, 129.27, 129.35, 132.23, 133.78, 137.94, 147.80,
150.11, 159.86, 162.28; MS (ESI positive) m/z: 518.92 [M +

H]+. Elemental analysis calculated for C23H20F2N4O6S: C,
53.28; H, 3.89; N, 10.81. Found: C, 53.26; H, 3.90; N, 10.85.

1-(Bis(4-fluorophenyl)methyl)-4-((2-nitrophenyl)sulfonyl)-
piperazine (7e). Using 4b and 2-nitrobenzenesulfonyl chloride
as starting materials, compound 7e was obtained with yield:
77%, off-white solid; mp 120−124 °C; 1H NMR (DMSO-d6,
400 MHz): δ 2.34 (4H, brs, 2 × piperazine−CH2), 3.18 (4H,
brs, 2 × piperazine−CH2), 4.43 (1H, s, CH), 7.09 (4H, t, J =
8.7, 4 × Ar−H), 7.39 (4H, t, J = 8.2, 4 × Ar−H), 7.84−7.99
(4H, m, 4 × Ar−H); 13C NMR (DMSO-d6, 100 MHz): δ
45.88, 50.30, 72.00, 115.23, 115.44, 124.11, 128.44, 129.29,
129.37, 130.44, 132.21, 134.89, 138.07, 147.97, 159.86,
162.28; MS (ESI positive) m/z: 474.04 [M + H]+. Elemental
analysis calculated for C23H21F2N3O4S: C, 58.34; H, 4.47; N,
8.87. Found: C, 58.37; H, 4.51; N, 8.91.

1-(Bis(4-fluorophenyl)methyl)-4-((4-nitrophenyl)sulfonyl)-
piperazine (7f). Using 4b and 4-nitrobenzenesulfonyl chloride
as starting materials, compound 7f was obtained with yield:
73%, yellow solid; mp 222−226 °C; 1H NMR (DMSO-d6, 400
MHz): δ 2.34 (4H, brs, 2 × piperazine−CH2), 2.98 (4H, brs, 2
× piperazine−CH2), 4.40 (1H, s, CH), 7.07 (4H, t, J = 8.8, 4 ×
Ar−H), 7.34 (4H, m, J = 5.7, 4 × Ar−H), 7.98 (2H, d, J = 8.7,
2 × Ar−H), 8.45 (2H, d, J = 8.7, 2 × Ar−H); 13C NMR
(DMSO-d6, 100 MHz): δ 45.97, 50.03, 71.96, 115.18, 115.39,
124.66, 129.09, 129.22, 129.30, 138.05, 140.47, 150.08, 159.82,
162.24; MS (ESI positive) m/z: 473.9 [M + H]+. Elemental

Figure 3. Proposed mechanism of oxidative stress by 2,4-dinitrobenzenesulfonamides.

Figure 4. Brief SAR of novel hybrids.
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analysis calculated for C23H21F2N3O4S: C, 58.34; H, 4.47; N,
8.87. Found: C, 58.35; H, 4.49; N, 8.90.
N-(2-(4-Benzhydrylpiperazin-1-yl)-2-oxoethyl)-2,4-dinitro-

benzenesulfonamide (7g). Using 5a and 2,4-dinitrobenzene-
sulfonyl chloride as starting materials, compound 7g was
obtained with yield 32%, off-white solid; mp 206−210 °C; 1H
NMR (DMSO-d6, 400 MHz): δ 2.18 (2H, brs, piperazine−
CH2), 2.25 (2H, brs, piperidine-CH2), 3.34 (4H, brs, 2 ×

piperazine−CH2), 3.96 (2H,s, J = 4.8, CH2), 4.28 (1H, s, CH),
7.17 (2H, t, J = 7.3, 2 × Ar−H), 7.28 (4H, t, J = 7.4, 4 × Ar−
H), 7.40 (4H, d, J = 7.3, 4 × Ar−H), 8.25 (1H, d, J = 8.6, Ar−
H), 8.43 (1H, brs, N H), 8.59 (1H, dd, J = 8.7 & 1.9, Ar−H),
8.83 (1H, d, J = 1.8, Ar−H); 13C NMR (DMSO-d6, 100
MHz): δ 41.52, 44.10, 50.92, 51.34, 74.57, 119.82, 126.90,
127.52, 128.50, 131.70, 138.50, 142.30, 147.20, 149.33,
165.42; MS (ESI positive) m/z: 540.16 [M + H]+. Elemental
analysis calculated for C25H25N5O7S: C, 55.65; H, 4.67; N,
12.98. Found: C, 55.64; H, 4.68; N, 13.01.
N-(2-(4-(Bis(4-fluorophenyl)methyl)piperazin-1-yl)-2-

oxoethyl)2,4-dinitrobenzene Sulfonamide (7h). Using 5f and
2,4-nitrobenzenesulfonyl chloride as starting materials, com-
pound 7h was obtained with yield: 40%, off-yellow solid; mp
246−250 °C; 1H NMR (DMSO-d6,400 MHz): δ 2.16 (2H,
brs, piperazine−CH2) 2.23 (2H, brs, piperazine−CH2), 3.34
(4H, brs, 2 × piperazine−CH2), 3.98 (2H, d, J = 5.2, CH2),
4.38 (1H, s, CH), 7.12 (4H, t, J = 8.7, 4 × Ar−H), 7.41 (4H, t,
J = 8.3, 4 × Ar−H), 8.25 (1H, d, J = 8.7, Ar−H), 8.44 (1H, t, J
= 5.2, NH), 8.60 (1H, dd, J = 8.7 & 2.2, Ar−H), 8.82 (1H, d, J
= 2.1, Ar−H); 13C NMR (DMSO-d6, 100 MHz): δ 41.48,
43.98, 44.07, 50.68, 51.11, 72.45, 115.16, 115.37, 119.79,
126.91, 129.30, 129.38, 131.68, 138.15, 138.48, 147.19, 149.33,
159.83, 162.24, 165.41; MS (ESI positive) m/z: 576.06 [M +
H]+. Elemental analysis calculated for C25H23F2N5O7S: C,
52.17; H, 4.03; N, 12.17. Found: C, 52.19; H, 4.05; N, 12.19.
N-(2-(4-(Bis(4-fluorophenyl)methyl)piperazin-1-yl)-2-

oxoethyl)2-nitrobenzene Sulfonamide (7i). Using 5f and 2-
nitrobenzenesulfonyl chloride as starting materials, compound
7i was obtained with yield: 69%, off-white solid; mp 136−140
°C; 1H NMR (DMSO-d6, 400 MHZ): δ 2.16 (2H, br d, 2 ×

piperazine−CH2), 2.22 (2H, br d, 2 × piperazine−CH2), 3.34
(4H, brs, 2 × piperazine−CH2), 3.90 (2H, d, J = 5.38, CH2),
4.37 (1H, s, CH), 7.11 (4H, t, J = 8.7, 4 × Ar−H), 7.41 (4H, q,
J = 8.3, 4 × Ar−H), 7.81 (2H, m, 2 × Ar−H), 7.93 (2H, m, 2
× Ar−H), 8.02 (1H, m, Ar−H); 13C NMR (DMSO-d6, 100
MHz): δ 44.73, 51.30, 73.55, 115.97, 116.17, 125.19, 130.11,
130.19, 130.57, 133.49, 133.54, 134.81, 138.81, 147.94, 160.60,
163.62, 166.40; MS (ESI positive) m/z: 531.12 [M + H]+.
Elemental analysis calculated for C25H24F2N4O5S: C, 56.60; H,
4.56; N, 10.56. Found: C, 56.59; H, 4.55; N, 10.59.
N-(2-(4-(Bis(4-fluorophenyl)methyl)piperazin-1-yl)-2-

oxoethyl)4-nitrobenzene Sulfonamide (7j). Using 5f and 4-
nitrobenzenesulfonyl chloride as starting materials, compound
7j was obtained with yield: 47%, off-white solid; mp 176−180
°C; 1H NMR (DMSO-d6, 400 MHz): δ 2.15 (2H, br d,
piperazine−CH2), 2.20 (2H, br d, piperazine−CH2), 3.33 (4H,
brs, 2 × piperazine−CH2), 3.81 (2H, d, J = 5.5, CH2), 4.37
(1H, s, CH), 7.11 (4H, t, J = 8.6, 4 × Ar−H), 7.40 (4H, t, J =
8.1, 4 × Ar−H), 8.03 (2H, d, J = 8.6, 2 × Ar−H), 8.14 (1H, t, J
= 5.4, NH), 8.36 (2H, d, J = 8.6, 2 × Ar−H); 13C NMR
(DMSO-d6, 100 MHz): δ 41.40, 43.68, 44.08, 50.70, 51.18,
72.48, 115.17, 115.38, 115.50, 115.72, 124.17, 129.31, 129.39,
132.37, 132.47, 138.15, 146.29, 149.37, 159.83, 162.25,
165.30; MS (ESI positive) m/z: 531.04 [M + H]+. Elemental

analysis calculated for C25H24F2N4O5S: C, 56.60; H, 4.56; N,
10.56. Found: C, 56.64; H, 4.58; N, 10.59.

N-(3-(4-Benzhydrylpiperazin-1-yl)-3-oxopropyl)-2,4-dini-
trobenzenesulfonamide (7k). Using 5b and 2,4-dinitrobenze-
nesulfonyl chloride as starting materials, compound 7k was
obtained with yield 29%, off-white solid; mp 82−86 °C; 1H
NMR (DMSO-d6, 400 MHz): δ 2.22 (4H, br d, 2 ×

piperazine−CH2), 2.48 (2H, t, J = 7.2, COCH2), 3.14 (2H,
q, J = 7.4, CH2NH), 3.38 (4H, br d, 2 × piperazine−CH2),
4.28 (1H, s, CH), 7.18 (2H, t, J = 7.2, 2 × Ar−H), 7.28 (4H, t,
J = 7.4, 4 × Ar−H), 7.41 (4H, d, J = 7.4, 4 × Ar−H), 8.24 (1H,
d, J = 8.6, Ar−H), 8.35 (1H, t, J = 5.5, NH), 8.61 (1H, dd, J =
8.6 & 2.1, Ar−H), 8.86 (1H, d, J = 2.0, Ar−H); 13C NMR
(DMSO-d6, 100 MHz): δ 32.36, 41.00, 44.64, 51.03, 51.55,
74.64, 120.01, 126.87, 127.19, 127.51, 128.48, 131.26, 137.69,
142.37, 147.58, 168.08; MS (ESI) m/z: 554.16 [M + 1]+.
Elemental analysis calculated for C26H27N5O7S: C, 56.41; H,
4.92; N, 12.65. Found: C, 56.44; H, 4.93; N, 12.68.

N-(3-(4-(Bis(4-fluorophenyl)methyl)piperazin-1-yl)-3-oxo-
propyl)-2,4-dinitrobenzene Sulfonamide (7l). Using 5g and
2,4-dinitrobenzenesulfonyl chloride as starting materials,
compound 7l was obtained with yield 53%, yellow solid; 1H
NMR (DMSO-d6, 400 MHz): δ 2.21 (4H, br d, 2 ×

piperazine−CH2), 2.47 (2H, m, COCH2), 3.14 (2H, d, J =
5.8, CH2NH), 3.73 (4H, br d, 2 × piperazine−CH2), 4.37
(1H, s, CH), 7.12 (4H, s, 4 × Ar−H), 7.42 (4H, s, 4 × Ar−H),
8.24 (1H, d, J = 8.6, Ar−H), 8.37 (1H, s, NH), 8.62 (1H, d, J =
8.2, Ar−H), 8.87 (1H, s, Ar−H); 13C NMR (DMSO-d6, 100
MHz): δ 32.39, 40.88, 44.53, 50.86, 51.34, 72.57, 115.27,
115.48, 120.05, 127.23, 129.38, 129.46, 131.31, 137.71, 138.06,
147.62, 149.60, 159.91, 162.33, 168.12; MS (ESI) m/z: 590.19
[M − 1]+. Elemental analysis calculated for C26H25F2N5O7S:
C, 52.97; H, 4.27; N, 11.88. Found: C, 52.99; H, 4.28; N,
11.92.

N-(3-(4-(Bis(4-fluorophenyl)methyl)piperazin-1-yl)-3-oxo-
propyl)-2-nitrobenzene Sulfonamide (7m). Using 5g and 2-
nitrobenzenesulfonyl chloride as starting materials, compound
7m was obtained with yield 53%, off-white solid; mp 142−146
°C; 1H NMR (DMSO-d6, 400 MHz): δ 2.20 (4H, brs, 2 ×

piperazine−CH2), 2.47 (2H, m, COCH2), 3.08 (2H, d, J = 5.5,
CH2NH), 3.38 (4H, br d, 2 × piperazine−CH2), 4.37 (1H, s,
CH), 7.12 (4H, t, J = 8.3, 4 × Ar−H), 7.42 (4H, s, 4 × Ar−H),
7.85−7.98 (5H, m, SO2NHCH2, 4 × Ar−H); 13C NMR
(DMSO-d6, 100 MHz): δ 32.34, 40.96, 44.64, 50.81,51.29,
72.52, 115.17, 115.38, 124.40, 129.30, 129.38, 129.46, 132.46,
132.62, 133.96, 147.67, 159.82, 162.24, 168.19; MS (ESI) m/
z: 543.43 [M − 1]+. Elemental analysis calculated for
C26H26F2N4O5S: C, 57.34; H, 4.81; N, 10.29. Found: C,
57.38; H, 4.85; N, 10.34.

N-(3-(4-(bis(4-fluorophenyl)methyl)piperazin-1-yl)-3-oxo-
propyl)-4-nitrobenzene Sulfonamide (7n). Using 5g and 4-
nitrobenzenesulfonyl chloride as starting materials, compound
7n was obtained with 48%; off-white solid; mp 68−72 °C; 1H
NMR (DMSO-d6, 400 MHz): δ 2.20 (4H, brs, 2 ×

piperazine−CH2), 2.42 (2H, t, J = 6.7, COCH2), 2.99 (2H,
q, J = 6.3, CH2NH), 3.34 (2H, brs, piperazine−CH2), 3.39
(2H, brs, piperidine-CH2), 4.36 (1H, s, CH), 7.12 (4H, t, J =
8.7, 4 × Ar−H), 7.41 (4H, t, J = 8.1, 4 × Ar−H), 7.96 (1H, t, J
= 5.5, CH2NHSO2), 8.02 (2H, d, J = 8.6, 2 × Ar−H), 8.40
(2H, d, J = 8.6, 2 × Ar−H); 13C NMR (DMSO-d6, 100 MHz):
δ 32.42, 40.98, 44.64, 50.84, 51.33, 72.61, 115.17, 115.38,
124.48, 128.02, 129.28, 129.36, 138.86, 146.07, 149.49, 159.84,
162.26, 168.07; MS (ESI) m/z: 545.09 [M + 1]+. Elemental
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analysis calculated for C26H26F2N4O5S: C, 57.34; H, 4.81; N,
10.29. Found: C, 57.39; H, 4.84; N, 10.33.
(4-Benzhydrylpiperazin-1-yl) (1-((2,4-dinitrophenyl)-

sulfonyl)piperidin-4-yl)methanone (7o). Using 5c and 2,4-
dinitrobenzenesulfonyl chloride as starting materials, com-
pound 7o was obtained with yield 46%, off-white solid; mp
184−188 °C; 1H NMR (DMSO-d6, 400 MHz): δ 1.49 (2H, m,
piperidine−CH2), 1.78 (2H, m, piperidine−CH2), 2.23 (4H,
brs, 2 × piperazine−CH2), 2.69 (1H, m, piperidine−COCH),
2.84 (2H, t, J = 10.8, piperidine−CH2), 3.43 (4H, br d, 2 ×

piperazine−CH2), 3.69 (2H, d, J = 12.4, piperidine−CH2),
4.29 (1H, s, CH), 7.17 (2H, t, J = 7.2, 2 × Ar−H), 7.28 (4H, t,
J = 7.4, 4 × Ar−H), 7.41 (4H, d, J = 7.3, 4 × Ar−H), 8.26 (1H,
d, J = 8.7, Ar−H), 8.56 (1H, dd, J = 2.1, 8.7, Ar−H), 8.97 (1H,
d, J = 2.1, Ar−H); 13C NMR (DMSO-d6, 100 MHz): δ 27.74,
35.62, 41.10, 44.70, 44.97, 51.21, 51.98, 74.62, 119.86, 126.72,
126.87, 127.57, 128.47, 132.15, 134.64, 142.33, 147.61, 150.00,
171.45; MS (ESI positive) m/z: 594.32 [M + H]+. Elemental
analysis calculated for C29H31N5O7S: C, 58.67; H, 5.26; N,
11.80. Found: C, 58.66; H, 5.26; N, 11.83.
(4-Benzhydrylpiperazin-1-yl) (1-((2-Nitrophenyl)sulfonyl)-

piperidin-4-yl)methanone (7p). Using 5c and 2-nitrobenze-
nesulfonyl chloride as starting materials, compound 7p was
obtained with yield 49%, off-white solid; mp 158−160 °C; 1H
NMR (DMSO-d6, 400 MHz): δ 1.48 (2H, m, piperidine−
CH2), 1.66 (2H, m, piperidine−CH2), 2.22 (4H, brs, 2 ×

piperazine−CH2), 2.72 (3H, m, piperidine−CH2, COCH),
3.44 (4H, br d, 2 × piperazine−CH2), 3.66 (2H, d,
piperidine−CH2), 4.29 (1H, s, CH), 7.17 (2H, t, J = 7.3, 2
× Ar−H), 7.28 (4H, t, J = 7.4, 4 × Ar−H), 7.40 (4H, d, J =
7.5, 4 × Ar−H), 7.85 (2H, m, 2 xAr-H), 7.97 (2H, m, 2 × Ar−
H); 13C NMR (DMSO-d6, 100 MHz): δ 27.72, 35.72, 41.3,
44.69, 44.96, 51.23, 52.00, 74.64, 124.00, 126.01, 126.87,
127.54, 128.47, 129.20, 130.31, 132.10, 134.66, 142.37, 147.83,
171.55; MS (ESI positive) m/z: 548.9 [M + H]+. Elemental
analysis calculated for C29H32N4O5S: C, 63.48; H, 5.88; N,
10.21. Found: C, 63.51; H, 5.93; N, 10.25.
(4-Benzhydrylpiperazin-1-yl) (1-((4-Nitrophenyl)sulfonyl)-

piperidin-4-yl)methanone (7q). Using 5c and 4-nitrobenze-
nesulfonyl chloride as starting materials, compound 7q was
obtained with yield 59%, off-white solid; mp 182−186 °C; 1H
NMR (DMSO-d6, 400 MHz): δ 1.49 (2H, m, piperidine−
CH2), 1.64 (2H, m, piperidine−CH2), 2.20 (4H, brs, 2 ×

piperazine−CH2), 2.37 (2H, m, piperidine−CH2), 2.57 (1H,
m, COCH), 3.41 (4H, brs, 2 × piperazine−CH2), 3.62 (2H,
m, piperidine−CH2), 4.27 (1H, s, CH), 7.16 (2H, t, J = 7.3, 2
× Ar−H), 7.27 (4H, t, J = 7.4, 4 × Ar−H), 7.39 (4H, d, J =
7.5, 4 × Ar−H), 7.99 (2H, d, J = 6.9, 2 × Ar−H), 8.42 (2H, d,
J = 6.9, 2 × Ar−H); 13C NMR (DMSO-d6, 100 MHz): δ
27.54, 35.62, 42.00, 44.67, 45.14, 51.23, 51.97, 74.63, 124.56,
126.89, 127.53, 128.48, 128.99, 141.17, 142.34, 149.94,
171.53; MS (ESI positive) m/z: 548.9 [M + H]+. Elemental
analysis calculated for C29H32N4O5S: C, 63.48; H, 5.88; N,
10.21. Found: C, 63.50; H, 5.91; N, 10.22.
(4-(Bis(4-fluorophenyl)methyl)piperazin-1-yl) (1-((2,4-

Nitrophenyl)sulfonyl)piperidin-4-yl)methanone (7r). Using
5h and 2,4-dinitrobenzenesulfonyl chloride as starting
materials, compound 7r was obtained with yield: 45%, off-
white solid; mp 238−242 °C; 1H NMR (DMSO-d6, 400
MHz): δ 1.50 (2H, m, piperidine−CH2), 1.68 (2H, d, J = 11.9,
piperidine−CH2), 2.21 (4H, brs, 2 × piperazine−CH2), 2.70
(1H, m, piperidine−COCH), 2.84 (2H, t, J = 11.8,
piperidine−CH2), 3.44 (4H, br d, 2 × piperazine−CH2),

3.69 (2H, d, J = 12.4, piperidine−CH2), 4.38 (1H, s, CH), 7.11
(4H, t, J = 8.7, 4 × Ar−H), 7.41 (4H, t, J = 8.3, 4 × Ar−H),
8.26 (1H, d, J = 8.7, Ar−H), 8.56 (1H, dd, J = 2.1, 8.6, Ar−H),
8.98 (1H, d, J = 2.1, Ar−H); 13C NMR (DMSO-d6, 100
MHz): δ 27.74, 35.61, 41.09, 44.69, 44.96, 50.99, 51.77, 72.53,
115.15, 115.36, 119.86, 126.71, 129.32, 129.39, 132.14, 134.67,
138.20, 147.61, 150.00, 159.82, 162.24, 171.47; MS (ESI
positive) m/z: 630.14 [M + H]+. Elemental analysis calculated
for C29H29F2N5O7S: C, 55.32; H, 4.64; N, 11.12. Found: C,
55.31; H, 4.64; N, 11.13.

(4-Benzhydrylpiperazin-1-yl) (1-((2,4-Dinitrophenyl)-
sulfonyl)piperidin-3-yl)methanone (7s). Using 5d and 2,4-
dinitrobenzenesulfonyl chloride as starting materials, com-
pound 7s was obtained with yield 31%; off-yellow solid; mp
120−126 °C; 1H NMR (DMSO-d6, 400 MHz): δ 1.31 (2H, m,
piperidine−CH2), 1.74 (2H, m, piperidine−CH2), 2.26 (4H,
m, 2 × piperazine−CH2), 2.78 (3H, m, piperidine−CH2 &
COCH), 3.49 (4H, m, 2 × piperazine−CH2), 3.67 (2H, m,
piperidine−CH2), 4.30 (1H, s, CH) 7.18 (2H, t, J = 7.3, 2 ×

Ar−H), 7.29 (4H, t, J = 7.4, 4 × Ar−H), 7.42 (4H, d, J = 7.3, 4
× Ar−H), 8.25 (1H, d, J = 8.7, Ar−H), 8.54 (1H, dd, J = 2.0,
8.7, Ar−H), 8.95 (1H, d, J = 1.7, Ar−H); 13C NMR (DMSO-
d6, 100 MHz): δ 24.00, 26.72, 37.69, 41.19, 44.93, 46.03,
48.00, 51.30, 52.03, 74.81, 120.01, 127.00, 127.05, 127.67,
128.65, 132.08, 135.00, 142.50, 147.71, 150.12, 170.37; MS
(ESI) m/z: 594.30 [M + 1]+. Elemental analysis calculated for
C29H32N4O5S: C, 63.48; H, 5.88; N, 10.21. Found: C, 63.51;
H, 5.91; N, 10.25.

(4-Benzhydrylpiperazin-1-yl) (1-((2-Nitrophenyl)sulfonyl)-
piperidin-3-yl)methanone (7t). Using 5d and 2-nitrobenze-
nesulfonyl chloride as starting materials, compound 7t was
obtained with yield 31%; off-white solid; mp 120−124 °C; 1H
NMR (DMSO-d6, 400 MHz): δ 1.30 (1H, m, piperidine−
CH), 1.50 (1H, m, piperidine−CH), 1.73 (2H, m, piperidine−
CH2), 2.30 (4H, m, 2 × piperazine−CH2), 2.75 (3H, m,
piperidine−CH2, COCH), 3.49 (4H, m, 2 × piperazine−
CH2), 3.71 (2H, m, piperidine−CH2), 4.30 (1H, s, CH) 7.18
(2H, appt, J = 7.2, Ar−H), 7.29 (4H, appt, J = 7.2, Ar−H),
7.42 (4H, d, J = 7.2, Ar−H) 7.90 (2H, m, Ar−H), 7.97 (2H,
m, Ar−H); 13C NMR (DMSO-d6, 100 MHz): δ 23.92, 26.64,
41.04, 44.78, 45.77, 47.89, 51.18, 51.91, 74.63, 124.10, 126.88,
127.52, 128.49, 129.61, 130.08, 132.25, 134.61, 142.39, 147.75,
170.21; MS (ESI) m/z: 548.9 [M + 1]+. Elemental analysis
calculated for C29H32N4O5S: C, 63.48; H, 5.88; N, 10.21.
Found: C, 63.53; H, 5.93; N, 10.23.

(4-Benzhydrylpiperazin-1-yl) (1-((4-Nitrophenyl)sulfonyl)-
piperidin-3-yl)methanone (7u). Using 5d and 4-nitrobenze-
nesulfonyl chloride, compound 7u was obtained with 45%
yield; off-white solid; mp 218−220 °C; 1H NMR (DMSO-d6,
400 MHz): δ 1.22 (1H, m, piperidine−CH), 1.53 (1H, m,
piperidine−CH), 1.69 (2H, m, piperidine−CH2), 2.32 (6H, m,
2 × piperazine−CH2), 2.80 (1H, m, COCH), 3.49 (4H, m, 2
× piperazine−CH2), 3.54 (2H, m, piperidine−CH2), 4.30 (1H,
s, CH), 7.18 (2H, appt, J = 7.4, Ar−H), 7.30 (4H, appt, J = 7.4,
Ar−H), 7.43 (4H, d, J = 7.4, Ar−H), 7.99 (2H, d, J = 9.0),
8.43 (2H, d, J = 9.0); 13C NMR (DMSO-d6, 100 MHz): δ
23.62, 26.60, 41.04, 44.80, 45.91, 48.06, 51.17, 51.92, 74.63,
124.66, 126.90, 127.53, 128.50, 128.84, 141.30, 142.40, 149.98,
170.27; MS (ESI) m/z: 548.9 [M + 1]+. Elemental analysis
calculated for C29H32N4O5S: C, 63.48; H, 5.88; N, 10.21.
Found: C, 63.52; H, 5.91; N, 10.25.

(4-(Bis(4-fluorophenyl)methyl)piperazin-1-yl) (1-((2,4-
Dinitrophenyl)sulfonyl)piperidin-3-yl)methanone (7v).
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Using 5i and 2,4-dinitrobenzenesulfonyl chloride as starting
materials, compound 7v was obtained with 48% yield; yellow
solid; mp 122−128 °C; 1H NMR (DMSO-d6, 400 MHz): δ
1.33 (1H, m, piperidine−CH), 1.50 (1H, m, piperidine−CH),
1.74 (2H, m, piperidine−CH2), 2.34 (4H, m, 2 × piperazine−
CH2), 2.67 (1H, m, COCH), 2.80 (2H, m, piperidine−CH2),
3.48 (4H, m, 2×piperazine−CH2), 3.67 (2H, m, piperidine−
CH2), 4.39 (1H, s, CH), 7.12 (4H, t, J = 8.6, Ar−H), 7.43
(4H, t, J = 5.7, Ar−H), 8.25 (1H, d, J = 8.7, Ar−H), 8.54 (1H,
d, J = 8.7, Ar−H, 8.96 (1H, d, J = 1.43, Ar−H); 13C NMR
(DMSO-d6, 100 MHz): δ 23.96, 26.68, 44.80, 45.83, 47.92,
51.03, 51.76, 72.60, 115.25, 115.46, 124.15, 129.38, 129.46,
129.60, 130.13, 132.33, 134.70, 138.34, 147.79, 159.88, 162.30,
170.30; MS (ESI) m/z: 630.19 [M + 1]+. Elemental analysis
calculated for C29H29F2N5O7S: C, 55.32; H, 4.64; N, 11.12.
Found: C, 55.34; H, 4.66; N, 11.15.
(4-(Bis(4-fluorophenyl)methyl)piperazin-1-yl) (1-((2-

Nitrophenyl)sulfonyl)piperidin-3-yl) Methanone (7w). Using
5i and 2-nitrobenzenesulfonyl chloride as starting materials,
compound 7w was obtained in 57% yield; off-white solid; mp
82−86 °C; 1H NMR (DMSO-d6, 400 MHz): δ 1.25 (1H, m,
piperidine−CH), 1.50 (1H, m, piperidine−CH), 1.74 (2H, m,
piperidine−CH2), 2.26 (4H, m, 2 × piperazine−CH2), 2.63
(1H, m, COCH), 2.75 (2H, m, piperidine−CH2), 3.46 (4H,
m, 2 × piperazine−CH2), 3.64 (2H, m, piperidine−CH2), 4.41
(1H, s, CH), 7.12 (4H, t, J = 8.4, Ar−H), 7.43 (4H, m, Ar−
H), 7.82−7.97 (4H, m, Ar−H); 13C NMR (DMSO-d6, 100
MHz): δ 23.92, 26.64, 41.00, 44.76, 45.78, 47.88, 50.98, 51.72,
72.54, 115.19, 116.2 (d, 2JC−F 21), 129.33, 129.40, 129.59,
131.1 (d, 3JC−F 9), 134.63, 138.28, 147.75, 162.1 (d, 1JC−F
242), 170.23; MS (ESI) m/z: 585.24 [M + 1]+. Elemental
analysis calculated for C29H30F2N4O5S: C, 59.58; H, 5.17; N,
9.58. Found: C, 59.62; H, 5.19; N, 9.61.
(4-(Bis(4-fluorophenyl)methyl)piperazin-1-yl) (1-((4-

Nitrophenyl)sulfonyl)piperidin-3-yl) Methanone (7x). Using
5i and 4-nitrobenzenesulfonyl chloride as starting materials,
compound 7x was obtained with 57% yield; off-white solid; 1H
NMR (DMSO-d6, 400 MHz): δ 1.15 (1H, m, piperidine−
CH), 1.55 (1H, m, piperidine−CH), 1.69 (2H, m, piperidine−
CH2), 2.26 (6H, m, 2 × piperazine−CH2), 2.81 (1H, m,
COCH), 3.56 (6H, m, 2 × piperazine−CH2), 4.39 (1H, s,
CH), 7.12 (4H, t, J = 8.4, Ar−H), 7.43 (4H, m, Ar−H), 7.98
(2H, d J = 9.2, Ar−H) 8.42 (2H, d J = 9.2, Ar−H); 13C NMR
(DMSO-d6, 100 MHz): δ 23.58, 26.56, 41.00, 44.76, 45.87,
48.01, 51.68, 72.51, 115.15, 115.36, 124.61, 128.79, 129.31,
129.37, 138.23, 141.38, 149.96, 159.82, 162.24, 170.25; MS
(ESI) m/z: 585.15 [M + 1]+. Elemental analysis calculated for
C29H30F2N4O5S: C, 59.58; H, 5.17; N, 9.58. Found: C, 59.60;
H, 5.19; N, 9.62.
(4-Benzhydrylpiperazin-1-yl) (1-((2,4-Dinitrophenyl)-

sulfonyl)pyrrolidin-3-yl)methanone (7y). Using 5e and 2,4-
dinitrobenzenesulfonyl chloride as starting materials, com-
pound 7y was obtained with yield 31%; brown solid; mp 110−
116 °C; 1H NMR (DMSO-d6, 400 MHz): δ 1.89 (1H, m,
pyrrolidine−CH), 2.08 (1H, m, pyrrolidine−CH), 2.29 (4H,
br-d, 2 × piperazine−CH2), 3.34−3.56 (9H, m, 2 ×

piperidine−CH2, 2 × pyrrolidine-CH2 and COCH), 4.29
(1H, s, N−CH), 7.18 (2H, t, J = 7.27, 2 × Ar−H), 7.28 (4H, t,
J = 7.42, 4 × Ar−H), 7.41 (4H, d, J = 7.7, 4 × Ar−H), 8.28
(1H, d, J = 8.71, Ar−H), 8.54 (1H, dd, J = 1.9, 8.68, Ar−
H),8.95 (1H, d, J = 1.83, Ar−H); 13C NMR (DMSO-d6, 100
MHz): δ 28.75, 41.40, 44.84, 47.72, 50.08, 51.09, 51.74, 74.60,
119.83, 126.76, 126.91, 127.53, 128.52, 131.90, 134.58, 142.38,

147.79, 149.89, 169.33; MS (ESI) m/z: 580.25 [M + 1]+.
Elemental analysis calculated for C28H29N5O7S: C, 58.02; H,
5.04; N, 12.08. Found: C, 58.05; H, 5.05; N, 12.12.

(4-(Bis(4-fluorophenyl)methyl)piperazin-1-yl) (1-((4-
Nitrophenyl)sulfonyl)pyrrolidin-3-yl) Methanone (7z). Using
5j and 2,4-dinitrobenzenesulfonyl chloride as starting materi-
als, compound 7z was obtained with 48% yield; brown solid;
1H NMR (DMSO-d6, 400 MHz): δ 1.89 (1H, m, pyrrolidine−
CH), 2.08 (1H, m, pyrrolidine−CH), 2.25 (4H, br d, 2 ×

piperazine−CH2), 3.34−3.51 (8H, m, 2 × piperazine−CH2, 2
× pyrrolidine−CH2), 4.47 (1H, s, CH), 7.12 (4H, m, 4 × Ar−
H), 7.42 (4H, t, J = 7.9, 4 × Ar−H), 8.28 (1H, d, J = 8.7, Ar−
H), 8.54 (1H, dd, J = 2.0, 8.7, Ar−H), 8.96 (1H, d, J = 2.0,
Ar−H); 13C NMR (DMSO-d6, 100 MHz): δ 28.83, 41.45,
44.90, 47.79, 50.15, 50.94, 51.59, 72.62, 115.26, 115.47,
119.88, 126.83, 129.40, 129.48, 131.96, 134.72, 138.30, 147.85,
149.94, 159.92, 162.34, 169.49; MS (ESI) m/z: 616.15 [M +
1]+. Elemental analysis calculated for C28H27F2N5O7S: C,
54.63; H, 4.42; N, 11.38. Found: C, 54.62; H, 4.42; N, 11.42.

N-(4-(4-(Bis(4-fluorophenyl)methyl)piperazin-1-yl)-4-oxo-
butyl)-2,4-dinitrobenzene Sulfonamide (7aa). Using 5k and
2,4-dinitrobenzenesulfonyl chloride as starting materials,
compound 7aa was obtained with 60% yield; yellow solid;
1H NMR (DMSO-d6, 400 MHz): δ 1.61 (2H, m, CH2), 2.24
(6H, m, 2 × piperazine−CH2, CH2), 2.93 (2H, m, COCH2),
3.35 (4H, m, 2 × piperazine−CH2), 4.37 (1H, s, CH), 7.12
(4H, t, J = 8.79, 4 × Ar−H), 7.42 (4H, dd, J = 5.7,8.47, 4 ×

Ar−H), 8.20 (1H, d J = 8.7, Ar−H), 8.45 (1H, brs, Ar−H),
8.62 (1H, dd, J = 2.7, 8.68, Ar−H), 8.87 (1H, d, J = 2.13,Ar−
H); 13C NMR (DMSO-d6, 100 MHz): δ 24.71, 28.91, 41.01,
42.35, 44.69, 50.96, 51.44, 72.61, 115.21, 115.42, 120.03,
127.21, 129.33, 129.40, 131.22, 13.22,137.69, 138.30, 147.57,
149.59, 162.27, 169.65; MS (ESI) m/z: 604.21 [M + 1]+.
Elemental analysis calculated for C27H27F2N5O7S: C, 53.73; H,
4.51; N, 11.60. Found: C, 53.75; H, 4.52; N, 11.64.

■ CONCLUSIONS

In conclusion, molecular hybridization of benzhydrylpiper-
azine, amino acids, and nitrobenzenesulfonamide derivatives
exhibited excellent anti-TB activity. 2,4-Dinitro groups on
benzenesulfonamide can be manipulated further to enhance
anti-TB activity. The structure−activity studies of novel hybrid
derivatives of first line anti-TB drugs with 2,4-dinitrobenzene-
sulfonamide can be explored further as a promising drug
designing tool for antitubercular therapy.
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