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A B S T R A C T   

The uneven regulation of inflammation is related to various diseases, making anti-inflammation a potential 
option for the development of novel therapies. In this study, we designed and synthesized a total of fifty-eight 
novel amide/sulfonamide derivatives based on our previously reported anti-inflammatory compounds. The 
anti-inflammatory activities of these compounds were evaluated upon LPS-stimulated J774A.1 cells. Compounds 
11a, 11b, 11c, and 11d potently reduced the release of IL-6 and TNF-α, and decreased the mRNA level of cy
tokines in J774A.1 cells. The most active compound 11d with IC50 value of 0.61 μM for IL-6 inhibition, and 4.34 
μM for TNF-α inhibition restored IκB α and inhibited the translocation of phosphorylated p65 into the nucleus. In 
vivo evaluation indicated that 11d improved LPS-induced ALI and alleviated DSS-induced ulcerative colitis in 
mice. In conclusion, these results suggested compound 11d can be a new lead structure for the development of 
anti-inflammatory drugs against ALI and ulcerative colitis.   

1. Introduction 

Inflammation is a normal immunological response that protects tis
sues from infections and heals the body after infection or trauma. Plenty 
of inflammatory mediators regulate inflammation. However, when the 
regulation becomes uneven or magnified, it can lead to a variety of ill
nesses including inflammatory bowel disease (IBD) and acute lung 
injury (ALI). As a result, regulating the immune system’s release of in
flammatory mediators and cytokines may be beneficial in the treatment 
of inflammatory illnesses [1]. 

ALI is a critical disease with a high mortality rate that occurs 

commonly in clinics [2]. Most symptoms of ALI being defined as a result 
of acute inflammation [3]. The main preventive treatment for ALI is 
mechanical ventilation [4]. Although various therapies have been 
studied (Table 1), they have shown limited effectiveness in reducing 
lung inflammation [5–9]. Interestingly, similar challenges exist in 
another non-specific inflammatory disease of the intestine called ul
cerative colitis (UC), which has a globally increased incidence and 
prevalence ratio [10]. While aminosalicylates, corticosteroids, mesala
zine, methotrexate, and immunomodulators are commonly used therapy 
options for UC, some patients exhibit inadequate responses or struggle 
with the associated adverse effects [11]. Therefore, it is evident that 
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developing alternative strategies to tackle ALI and UC is crucial. 
Many studies have found that cytokines have a role in the develop

ment of IBD [12,13] and ALI [14]. Interleukin-6 (IL-6) and tumor ne
crosis factor-α (TNF-α) contribute to most deterioration seen in ALI [15]. 
From human or experimental ALI studies, increased production of IL-6 
and TNF-α has been found in the bronchoalveolar lavage fluid (BALF) 
[16]. Tumor necrosis factor (TNF) can cause the production of proin
flammatory cytokines in colitis by connecting to its receptors and acti
vating the transcription factor NF-κB. Other cytokines, such as IFN-α, 
IL-8, and IL-12, have been linked to the pathophysiology of IBD [17]. 
These reports indicate that inhibiting excessive production of 
pro-inflammatory cytokines, including IL-6 and TNF-α, can be a prom
ising way for ALI and IBD treatment. 

Sulfonamide structures play an important role in many natural 
products and medicines. Compounds containing the sulfonyl amide 
structure, such as compound 1 displayed in Fig. 1, showed significant 
anti-proliferation effects on non-small-cell lung carcinoma (NSCLC) [18] 
and melanoma cells [19]. Similarly, antibacterial compound 2 was 
found to serve as a specific inhibitor of CYP2C9 and to block the 
pro-inflammatory effects of linoleic acid mediated by CYP2C9 [20]. 
Moreover, some sulfa drugs work as anti-inflammatory [21], and anti
viral [22] agents, such as compounds 3 and 4, respectively. Taurine, 
compound 5, is an amino acid available in mammals that contains a 
sulfonamide-like moiety [23]. Briefly, taurine works as a probe with 
endogenous antioxidant and anti-inflammatory capacities [24]. 

Moreover, Taurine has been reported to reduce the inflammatory 
response in ALI [25] and showed a beneficial effect in UC [26]. Previ
ously, our research group has designed, synthesized, and evaluated some 
amide compounds inhibiting pro-inflammatory cytokines for the treat
ment of acute lung injury [27]. Amongst these compounds, 
N-(4-(4-hydroxy-3-methoxyphenyl) thiazol-2-yl)-3-(4-(3-nitrobenzyl) 
piperazin-1-yl) propanamide (compound 6, Fig. 1) showed a potent 
inhibitory activity upon the production of inflammatory cytokines in a 
dose-dependent manner and displayed a protective effect against lip
osaccharide (LPS)-induced ALI in a mice model. In order to find potent 
and patentable anti-inflammatory compounds for the treatment of ALI, 
we modified the 2-amino-4-phenylthiazole group of the compound 6 
into pyridine or naphthalene rings and designed compounds 9a-9z. 
Moreover, given the excellent potential of the sulfonamide structure in 
anti-inflammatory diseases, we herein performed the hybridization of 
compounds belonging to series 9 with taurine to deliver a new com
pound series 10. Furthermore, we utilized scaffold hopping to replace 
the flexible alkyl chain with a phenyl group and synthesized compounds 
11a-11g to compare the anti-inflammatory activities between flexible 
chain and stiffness ring(Fig. 2). 2Figure 2. All synthesized compounds 
were evaluated for their anti-inflammatory effects in the context of 
LPS-induced production of IL-6 and TNF-α as well as for their 
structure-activity relationships. Subsequently, compounds 11a, 11b, 
11c, and 11d were used for further in vitro investigation of their po
tential to reduce inflammatory cytokine production. Finally, we tested 
the protective effects of compound 11d in an LPS-induced model of ALI 
and DSS-induced model of coliti.s. 

2. Results 

2.1. Chemistry 

The synthetic route of amide/sulfonamide derivatives reported in 
this study was performed as illustrated in schemes 1, 3, and 4. Briefly, 
treatment of commercially available amine with various acetyl (pro
pionyl), chloride, or sulfonyl chloride with triethyl amine provided the 
corresponding intermediates 7a-7k. Then 7a-7k were connected with 
different piperazine intermediates 8a-8f or commercially available 2- 
(piperazin-1-yl) pyrimidine in the base condition with or without the 
catalyst of potassium iodide, resulting in the products 9a-9z, 10a-10y 
and 11a-11g. The synthetic route of substituted piperazine in
termediates 8a-8f reported in this study was performed as depicted in 
Scheme 2 Excess piperazine was substituted by 4-nitrobenzene bromide 
or various substituted benzyl bromide, resulting in compounds 8a-e. The 
thiozol-2-yl acetamide fragment 8f was obtained from a mannich reac
tion of thizol-2-yl acetamide with N-Boc piperazine and para
formaldehyde, followed by removal of Boc group in trifluoro acetic acid. 
The structures of all synthesized compounds were fully characterized by 
1H nuclear magnetic resonance (NMR), 13C NMR, and electrospray 

Table 1 
Non-steroidal anti-inflammatory drugs treatment for ARDS in clinical trials.  

Drugs Target Structure Phase 

Aspirin COX-1/2 2 

Celecoxib COX-2 Unknown 

Rosuvastatin HMG-CoA Unknown 

Ibuprofen COX-1/2 3 

Simvastatin HMG-CoA reductase 3 

Losartan angiotensin II 3  

Fig. 1. Some structures of amide/sulfonamide compounds.  
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ionization mass spectrometry (ESI-MS), some active compounds were 
also characterized by high-resolution mass spectrometry (HRMS), 
together with the corresponding yield and melting points data, listed in 
the Experimental Section. 

2.2. Initial anti-inflammatory screening against LPS-induced TNF-α and 
IL-6 release and primary study of structure-activity relationships (SAR) 

To begin, we tested the synthesized compounds for anti- 
inflammatory activity. We used LPS to stimulate macrophages and 
induce the secretion of inflammatory factors, as described in our pre
vious publications in Eur. J. Med. Chem., J. Med. Chem., and Chem. Sci. 
[15,28–31], and ELISA to measure the inhibitory effect of compound 
treatments on the aforementioned secretion of inflammatory factors. 
This approach has also been utilized for preliminary activity evaluation 
in other anti-inflammatory medication investigations published in Eur. 
J. Med. Chem. [32,33]. Briefly, J774A.1 cells were pretreated with 20 μM 
of synthesized compounds for 30 min, with compound 6 and DMSO 
serving as positive and negative controls, respectively. J774A.1 cells 
were then challenged with 0.5 μg/mL of LPS for 24 h. The amount of IL-6 
and TNF-α in the medium was measured via ELISA kit according to the 
instructions provided by the manufacturer and normalized by the pro
tein concentration of each sample. In addition, the cytotoxicity of 
compounds was evaluated using the MTT test on J774A.1 cells to rule 
out the possibility that the anti-inflammatory activity of the compounds 
was related to their cytotoxicity (Fig. S1). 

To find potent and patentable anti-inflammatory compounds, series 
9 compounds were designed by replacing the 2-amino-4-phenyl thiazole 

Fig. 2. Design strategy for the target compounds of amide/sulfonamide derivatives containing piperazine.  

Scheme 1. (a) DCM, TEA, 0 ◦C to R.T.; (b) MeCN, K2CO3, 85 ◦C.  

Scheme 2. (a) 4-nitrobenzene bromide, K2CO3, DMSO, 90 ◦C; (b) Different 
substituted benzyl bromide, DCM, 0 ◦C; (c) i. Paraformaldehyde, 2-Acetamido
thiazole, acetic acid, 115 ◦C. ii. trifluoro acetic acid, R.T. 

Scheme 3. (a) DCM, TEA, 0 ◦C to R.T.; (b) MeCN, K2CO3, 85 ◦C.  

Scheme 4. (a) DCM, TEA, 0 ◦C to R.T.; (b) MeCN, K2CO3, KI, 85 ◦C.  
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moiety in compound 6 with a pyridine or naphthalene ring. Based on 
this, 26 compounds were synthesized (9a-9z) and their anti- 
inflammatory effects regarding the production of TNF-α and IL-6 upon 
LPS-challenged J774A.1 cells were investigated. As depicted in Table 2, 
compounds with 2-methoxypyridyl or 3-picolyl group or 1-naphthyl as 
R1 showed moderate activity on the inhibition of IL-6 production when 
compared with compound 6. Similarly, the inhibition of TNF-α pro
duction did not show a significant reduction after the abovementioned 
modification, with compounds 9d, 9q, and 9x showing improved ac
tivity in the inhibition of TNF-α compared with compound 6. 3-picolyl 
substituent as R1 showed fairly increased activity on the inhibition of 
TNF-α production compared with 2-methoxypyridyl compounds and 
pyridyl compounds (9d vs 9m and 9d vs 9z), 1-naphthyl group- 
containing compounds showed similar activity on the inhibition of 
TNF-α levels compared with 3-picolyl as R1, which may indicate that 
there is a need for spatial distribution in these compounds to reduce the 
release of TNF-α. On the other hand, the IL-6 inhibition ratio increased 
when the nitro group was substituted at para-position rather than meta- 
position in the phenyl ring at R2 (9c vs 9b, 9m vs 9l, 9t vs 9s). Moreover, 
electron-withdrawing substitution in the phenyl ring at R2 showed 
increased inhibition of TNF-α production compared with compounds 

that carried electron-donating substitution in the phenyl ring at R2 (9c 
vs 9f, 9m vs 9p, 9t vs 9w). These results revealed that the para-position 
substituted with electron withdrawing is preferred for the inhibition of 
TNF-α production. 

Since the inhibition ratio of IL-6 and TNF-α did not reach the ex
pected level, we performed the hybridization of series 9 compounds 
with taurine to modify the amide group into a sulfonyl amide group and 
designed series 10 in the following SAR studies (Table 3). Interestingly, 
it was found that this modification can potentially improve the anti- 
inflammatory activity of these molecules. Compounds with 3-picolyl 
as R1 showed a markedly increased ratio in the inhibition of IL-6 pro
duction (10a-10f vs 9a-9f). Similar to previous results, the para-position 
nitro substituent in the phenyl ring kept the anti-inflammatory activity 
better than that compounds with meta-position electron-withdrawing 
substituent (10c vs 10b, 10i vs 10h, 10o vs 10m, 10v vs 10u). It was 
also found that compounds with a 6-quinolyl substituent showed a more 
robust effect on the production of IL-6 than 2-methoxypyrid-5-yl, 3- 
picolyl, and 1-naphthyl substituents compounds; however, 10t-10y did 
not have a satisfying activity on the inhibition of TNF-α production (10w 
vs 10d, 10j and 10p). 

Given all the results we obtained until this point, we further utilized 
scaffold hopping to replace the flexible alkyl chain with a 3-nitrophenyl 
moiety and designed series 11 compounds. As depicted in Table 4, the 
inhibition ratio of IL-6 production instigated by compounds 11a-11d 
dramatically increased (about 20–30%) after this modification, 
compared to that of compounds 10a-10d. The substituent on the phenyl 
group in R2 showed similar anti-inflammatory results to that of 

Table 2 
Relative inhibition of IL-6 and TNF-α production for series 9 compounds. 

Index R1 n R2 IL-6 inhibition 
(%)a 

TNF-α 
inhibition (%) 

9a 1 benzyl 23.30 ± 4.19 40.91 ± 2.94 
9b 3-nitrobenzyl 21.88 ± 1.82 39.82 ± 4.34 
9c 4-nitrobenzyl 36.43 ±

10.32 
42.80 ± 3.90 

9d 4-nitrophenyl 49.31 ± 3.52 57.51 ± 4.29 
9e 2-pyrimidyl 40.70 ± 0.57 38.32 ± 6.15 
9f 4- 

methoxybenzyl 
3.21 ± 16.09 38.64 ± 3.02 

9g 19.68 ± 5.28 36.32 ± 5.54 

9h 2 benzyl 31.00 ± 1.21 40.52 ± 10.41 
9i 4-nitrobenzyl 36.81 ±

10.26 
25.79 ± 7.04 

9j 4-nitrophenyl 19.64 ± 1.17 20.88 ± 3.62 
9k 1 benzyl 9.69 ± 5.35 34.10 ± 8.31 
9l 3-nitrobenzyl 20.88 ± 3.23 41.20 ± 5.03 
9m 4-nitrobenzyl 35.43 ± 4.49 37.85 ± 2.53 
9n 4-nitrophenyl 26.57 ± 2.67 35.31 ± 5.53 
9o 2-pyrimidyl 33.21 ± 2.46 47.96 ± 2.73 
9p 4- 

methoxybenzyl 
19.35 ± 2.66 38.65 ± 3.35 

9q 47.13 ± 5.20 53.08 ± 3.33 

9r 1 benzyl 37.08 ± 1.88 40.65 ± 1.21 
9s 3-nitrobenzyl 36.57 ± 1.07 49.62 ± 1.04 
9t 4-nitrobenzyl 51.42 ± 1.21 44.12 ± 2.76 
9u 4-nitrophenyl 17.67 ± 2.60 17.43 ± 1.54 
9v 2-pyrimidyl 9.078 ± 4.07 18.50 ± 0.81 
9w 4- 

methoxybenzyl 
NA* NA 

9x 2 benzyl 50.93 ± 5.16 55.28 ± 7.36 
9y 4-nitrophenyl NA NA 
9z 1 4-nitrophenyl 54.40 ± 5.23 41.40 ± 4.05 

6    78.47 ± 2.57 41.39 ± 0.97 

*No activity. 
a Values represented as mean ± SEM of at least three independent experiments. 

Table 3 
Relative inhibition of IL-6 and TNF-α production for series 10 compounds. 

Index R1 R2 IL-6 inhibition 
(%)a 

TNF-α inhibition 
(%) 

10a benzyl 54.87 ± 4.29 43.92 ± 0.52 
10b 3-nitrobenzyl 41.05 ± 2.67 38.96 ± 2.04 
10c 4-nitrobenzyl 49.16 ± 3.87 41.37 ± 1.43 
10d 4-nitrophenyl 60.10 ± 6.01 51.16 ± 0.88 
10e 2-pyrimidyl 50.45 ± 1.84 40.39 ± 3.98 
10f 4- 

methoxybenzyl 
44.03 ± 2.36 35.94 ± 4.23 

10g benzyl 13.57 ± 4.48 16.24 ± 6.55 
10h 3-nitrobenzyl 30.60 ± 2.82 34.88 ± 3.50 
10i 4-nitrobenzyl 42.48 ± 4.30 38.83 ± 3.14 
10j 4-nitrophenyl 54.03 ± 4.91 47.01 ± 1.14 
10k 2-pyrimidyl 42.00 ± 5.51 37.77 ± 1.24 
10l 4- 

methoxybenzyl 
55.78 ± 4.70 39.86 ± 2.33 

10m benzyl 36.45 ± 5.63 38.58 ± 3.58 
10n 3-nitrobenzyl 39.74 ± 1.42 48.04 ± 5.05 
10o 4-nitrobenzyl 51.66 ± 2.86 52.22 ± 5.36 
10p 4-nitrophenyl 54.08 ± 8.51 48.59 ± 1.90 
10q 2-pyrimidyl 10.60 ± 4.56 12.33 ± 2.41 
10r 4- 

methoxybenzyl 
46.54 ± 3.65 38.07 ± 6.20 

10s 43.92 ± 2.39 25.56 ± 2.95 

10t benzyl 43.09 ± 0.97 9.54 ± 8.69 
10u 3-nitrobenzyl 54.36 ± 2.33 23.97 ± 8.08 
10v 4-nitrobenzyl 58.07 ± 1.35 24.49 ± 9.50 
10w 4-nitrophenyl 63.27 ± 1.80 41.31 ± 6.18 
10x 2-pyrimidyl 23.70 ± 3.22 5.34 ± 3.65 
10y 4- 

methoxybenzyl 
50.52 ± 2.83 31.97 ± 2.11 

a Values represented as mean ± SEM of at least three independent experiments. 
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compounds in series 9 and series 10. In general, by conducting SAR 
studies, we had 3 novel series of anti-inflammatory compounds. Spe
cifically, compounds 11b and 11d showed comparable inhibition of IL-6 
production to that of compound 6, and compounds 11a and 11d showed 
a better effect on the release of TNF-α compared to that of compound 6, 
so we then used these four compounds in the next steps of our 
investigation. 

2.3. Active compounds inhibited LPS-induced IL-6 and TNF-α release in a 
dose-dependent manner 

The newly developed amide/sulfonamide derivatives showed 
exquisite SAR. To further explore the anti-inflammatory effect of active 
compounds, four of the most potent compounds 11a, 11b, 11c, and 11d 
were selected to investigate their dose-dependent inhibitory effects 
against LPS-induced IL-6 and TNF-α release. J774A.1 cells were pre
treated with selected compounds at indicated concentrations before the 
LPS challenge. As shown in Fig. 3A-3B, all active compounds exhibited a 
dose-dependent inhibition on the LPS-induced release of IL-6 and TNF-α. 
The IC50 values for compounds 11a, 11b, 11c, and 11d were found to be 
4.94, 1.38, 1.32, and 0.61 μM for IL-6, and 10.09, 3.99, 8.59, and 4.34 
μM for TNF-α, respectively. These results indicate that these compounds 
may be potential candidates for the development of anti-inflammatory 
agents. 

2.4. Active compounds suppressed mRNA expressions in LPS-stimulated 
J774A.1 macrophages 

To further determine the efficacy of active compounds on cytokine 
release, a real-time PCR assay was carried out to measure TNF-α and IL-6 
mRNA levels in J774A.1 macrophages. Cells were challenged with LPS 
(0.5 μg/mL) for 6 h and examined for the expression of pro- 
inflammatory genes with or without 11a, 11b, 11c, and 11d treat
ment. As shown in Fig. 4A and B, mRNA levels of both IL-6 and TNF-α 
were upregulated following LPS incubation. While compounds 11a and 
11b showed no significant effects on IL-6 mRNA levels, compounds 11c 
and 11d significantly downregulated mRNA levels of IL-6 and TNF-α. In 

Table 4 
Relative inhibition of IL-6 and TNF-α for series 11 compounds. 

Index R1 IL-6 inhibition (%)a TNF-α inhibition (%) 

11a benzyl 69.30 ± 0.53 50.22 ± 4.38 
11b 3-nitrobenzyl 71.33 ± 1.53 43.51 ± 3.25 
11c 4-nitrobenzyl 69.93 ± 2.35 42.19 ± 3.24 
11d 4-nitrophenyl 85.92 ± 0.72 70.09 ± 1.91 
11e 2-pyrimidyl 20.86 ± 3.85 18.24 ± 4.92 
11f 4-methoxybenzyl 53.80 ± 4.49 18.06 ± 7.81 
11g 40.30 ± 2.01 31.13 ± 4.76 

aValues are the mean of at least n = 3 independent experiments ± SEM. 

Fig. 3. Active compounds inhibiting LPS-induced inflammation cytokines release in J774A.1 cells. (A) IL-6 levels measured by ELISA. (B) TNF-α levels measured by 
ELISA. Each bar represents mean ± SEM in 3 independent experiments. 
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particular, 11d showed the most active effect in inhibiting mRNA levels 
of tested inflammatory mediators. These data provided further evidence 
of the anti-inflammatory activity of compounds 11a, 11b, 11c, and 11d, 
which affect the cytokine profile at the mRNA level. 

2.5. Active compound 11d inhibited NF-κB pathway in J774A.1 cells 

We next investigated the activity of compound 11d on the modula
tion of nuclear factor kappa-light-chain-enhancer of activated B cells 
(NF-κB) pathway. This pathway plays an important role in the regula
tion of inflammatory response. After LPS stimulation, p65 is phosphor
ylated and transferred into the cell nucleus, which is followed by the 
expression of cytokines and chemokines that contribute to the inflam
matory response. J774A.1 cells were pretreated with compound 11d at 
20 μM for 2 h before the challenge with 0.5 mg/mL LPS. Then macro
phages were fixed and stained with an antibody against p65 and 4,6-dia
midino-2-phenylindole (DAPI) via an immunofluorescence assay. As 
shown in Fig. 5A and B, the levels of p65 in the cell nucleus were 
significantly increased in cells treated with LPS only when compared 
with counterparts in the control group. Conversely, pretreatment with 
compound 11d markedly reduced the levels of p65 translocated into the 
nucleus. Western blotting results indicated that the levels of IκB α, one of 
the most common members of the NF-κB pathway, were reduced and the 
levels of phosphorylated p65 (p-p65) were increased in the nucleus after 
the LPS challenge. Pretreatment with compound 11d restored IκB α 
protein levels to baseline and downregulated the levels of p-p65 in the 
nucleus (Fig. 5C–E and Fig. S2). These results revealed that the anti- 
inflammatory activity of 11d may be mediated via the inhibition of 
the NF-κB pathway. 

2.6. Protective effects of 11d on a mice model of LPS-induced ALI 

Encouraged by its potent in vitro anti-inflammatory activity, 

Fig. 4. Active compounds inhibit LPS-induced upregulation of mRNA levels of 
pro-inflammatory cytokines in J774A.1 cells. (A) IL-6 mRNA levels measured 
by qPCR. (B) TNF-α mRNA levels measured by qPCR. Data represented as mean 
± SEM of three independent experiments. *, p < 0.05, **, p < 0.01 vs. the LPS- 
only group. 

Fig. 5. Compound 11d pretreatment inhibited the 
NF-κB pathway to reduce the inflammatory tone. (A) 
Representative picture of immunofluorescence results 
of J774A.1 cells treated with compound 11d. DAPI 
staining is shown in blue and the immunofluores
cence results of p65 are shown in green. (B) Quanti
fication of results shown in A. Each bar represents the 
mean ± SEM in 3 independent experiments. *, p <
0.05, vs. the LPS-only group. (C) Western blotting 
results regarding the actions of compound 11d on the 
NF-κB pathway. (D, E) Densitometric quantification 
of IκB-α, and p-p65. Each bar represents the mean ±
SEM in 3 independent experiments. *, p < 0.05, **, p 
< 0.01 vs. the LPS-only group.   
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compound 11d was selected for further investigation on its effects in vivo 
in a mouse model of LPS-induced ALI. C57BL/6 mice were pretreated 
with compound 11d at 20 mg/kg for 30 min by intragastric adminis
tration. Then, 5 mg/kg of LPS was used to induce ALI in mice by 
intratracheal injection. The serum, BALF, and lung tissues were 
collected for further analysis. The lung wet/dry weight ratio was used as 
an index of lung edema. As shown in Fig. 6A, the lung wet/dry weight 
ratio increased after LPS administration when compared with the con
trol group. Strikingly, pretreatment with compound 11d at 20 mg/kg 
significantly decreased the lung wet/dry ratio, indicating that 11d in
hibits LPS-induced lung edema. The protein concentration in BALF is 
another important indicator of the structural integrity of the alveolar 
wall. It markedly increased after LPS stimulation whereas pretreatment 
with compound 11d significantly reduced the protein concentration in 
BALF (Fig. 6B). In addition, the histopathological features of lung tissue 
in ALI mice after exposure to LPS were tested. As shown in Fig. 6C, when 
compared to the control group, the LPS group remarkably increase the 
alveolar septa thickness, pulmonary congestion, inflammatory infiltra
tion, and lung tissue destruction. Moreover, and importantly, the lung 
tissue of mice pretreated with compound 11d displayed little to no 
histopathological changes. Altogether, these results indicate that 11d 
effectively attenuates LPS-induced ALI in mice. 

Pro-inflammatory cytokines are critical factors in ALI progression. As 
such, the production levels of TNF-α and IL-6 in the BALF and sera of 
LPS-induced ALI mice were examined as biomarkers for the in vivo 
protection effects of compound 11d on ALI. The release of TNF-α and IL- 
6 in the BALF and serum were significantly increased after LPS stimu
lation. In contrast, pretreatment with compound 11d distinctly sup
pressed the levels of both cytokines, demonstrating that this compound 
is able to markedly attenuate inflammation in ALI mice (Fig. 7A–D). 
Interestingly, the mRNA expression of pro-inflammatory cytokines of 
LPS-challenged lung tissues significantly increased (Fig. 7E and F), 
whereas pretreatment with compound 11d led to a decrease of TNF-α 
and IL-6 mRNA levels. These data revealed that compound 11d im
proves ALI therapy via its anti-inflammatory effects and could poten
tially be used for treating ALI. 

2.7. Effect of compound 11d on DSS-induced colitis 

The effect of 11d on colitis was then tested on a DSS-induced acute 
colitis mouse model. DSS refers to a frequently-used inducer of colitis, 
due to the morphology and symptoms of DSS-induced colitis being 
similar to human ulcerative colitis [34]. 2.5% DSS in water was given for 
the 7 days. 11d was administered orally to mice at a dose of 5 mg/kg 
every day for 10 days. At the end of the experimental treatment, the 
colon and spleen of each mouse were removed and measured, the serum 
was collected for cytokines measurement. The results are shown in 
Fig. 8. DSS significantly decrease the colonic length, while 11d restored 
the colon lengths of UC mice (Fig. 8A and Fig. S3). The spleen/weight 
results indicated that 11d reduced the splenomegaly induced by DSS 
(Fig. 8B). The IL-6 level also markedly decreased after the treatment of 
11d (Fig. 8C). The histopathological analysis showed severe patholog
ical changes in the DSS-induced model, including mucosal damage, 
crypt necrosis, and infiltration of inflammatory cells in the lamina 
propria (Fig. 8D). 11d ameliorated these symptoms and showed pro
tective effects against DSS-induced colitis. The spleen tissues in the DSS 
group revealed an increase in the white pulp, which may indicate the 
hyperactivation of the spleen. 11d treatment significantly attenuated 
the increase of white pulp. Taken together, these results indicated that 
compound 11d can alleviate the severity of DSS-induced ulcerative co
litis in the mouse. 

2.8. Pharmacokinetic properties and tissue distribution of 11d 

Based on the favorable anti-inflammatory activity of 11d in vitro and 
in vivo, the pharmacokinetics of 11d were then evaluated following 
intravenous injection and oral administration in rats, respectively. 
Compound 11d showed favorable pharmacokinetic properties after a 
single 10 mg/kg dose, with an AUC value of 1057.5 h*ng/mL and a t1/2 
value of 7.1 h (Table 5). The oral bioavailability of 11d is 10.6%, and the 
maximum plasma levels were reached at around 2.8 h. 

3. Conclusion 

In summary, we designed and synthesized fifty-eight amide/ 

Fig. 6. Protective effects of compound 11d in a mouse model of LPS-induced ALI. (A) Lung wet/dry ratio. (B) Total protein concentration in BALF. (C) Hematoxylin 
and eosin (H&E) staining results of lung tissue (200 × ). Data presented as mean ± SEM, n = 8, *, p < 0.05, **, p < 0.01 vs. the LPS-only group. 
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sulfonamide derivatives and evaluated their anti-inflammatory activity 
upon the LPS challenge of J774A.1 cells. Most of the resulting com
pounds effectively inhibited the production of TNF-α and IL-6 in mac
rophages. In particular, compounds 11a, 11b, 11c, and 11d showed a 
dose-dependent inhibition on the release of TNF-α and IL-6 and 
reduced the mRNA levels of two cytokines in vitro. Moreover, 11d 
inhibited the translocation of p65 into the nucleus and restored the IκBα 
level after the LPS stimulation on J774A.1 cells. Furthermore, pre
treatment with 11d attenuated LPS-induced ALI in mice via reducing the 
lung W/D ratio, macrophage infiltration into lung tissue, and the pro
duction of cytokines in BALF and serum. Moreover, 11d also alleviated 
DSS-induced ulcerative colitis in mice. Overall, these results suggested 
compound 11d could be utilized as an anti-inflammatory agent for the 
treatment of some inflammatory diseases and this work provides new 
lead structures for the development of anti-inflammatory drugs. 

4. Experiment section 

4.1. Chemistry 

4.1.1. General 
All reagents and solvents of analytical grade were obtained from 

commercial sources and used without further purification. All reactions 
were monitored by thin-layer chromatography (250 silica gel 60 F254 
glass plates). Chromatographic purification was carried out on silica gel 
(200–300 mesh). 1H and 13C NMR spectra were recorded using a Bruker 
Avance III HD400 FT-NMR spectrometer, using tetramethylsilane as an 

internal standard. Electronspray ionization mass spectra in positive 
mode (ESI-MS) results were collected on Xevo TQ-S micro instrument 
and SCIEX TripleTOF 6600 system. The purity of compounds was 
determined by high-performance liquid chromatography (HPLC) to a 
percentage above 95%, monitored by UV absorption at 210 and 254 nm. 

4.1.2. General procedure for preparation of intermediates 7a-7k 
To a solution of primary amine and triethylamine in DCM at 0 ◦C it 

was added acetyl (propionyl) chloride or sulfonyl chloride in dropwise. 
After warming the resulting mixture at RT for 16 h, it was diluted with 
water and the aqueous layer was extracted with DCM (3 × 20 mL). The 
combined organic extracts were dried with anhydrous Na2SO4, filtered, 
and concentrated under reduced pressure. The crude material was pu
rified by chromatography on silica (10–100% EtOAc in hexanes) to 
obtain intermediates 7a-7k. 

4.1.3. 2-Chloro-N-(pyridin-2-ylmethyl)acetamide (7a) 
Brown oil in 67.69% yield; 1H NMR (400 MHz, DMSO‑d6) δ 8.81 (d, J 

= 6.1 Hz, 1H), 8.51 (dd, J = 4.9, 1.4 Hz, 1H), 7.77 (td, J = 7.7, 1.8 Hz, 
1H), 7.32–7.23 (m, 2H), 4.41 (d, J = 5.9 Hz, 2H), 4.18 (s, 2H). 

4.1.4. N-(pyridin-2-ylmethyl)acrylamide (7b) 
Yellow oil in 69.26% yield; 1H NMR (400 MHz, DMSO‑d6) δ 

8.74–8.58 (m, 1H), 8.50 (tdd, J = 3.8, 1.8, 1.0 Hz, 1H), 7.76 (td, J = 7.7, 
1.7 Hz, 1H), 7.34–7.23 (m, 2H), 6.34 (dd, J = 17.1, 10.2 Hz, 1H), 6.13 
(dd, J = 17.1, 2.1 Hz, 1H), 5.64 (dd, J = 10.2, 2.2 Hz, 1H), 4.44 (d, J =
6.0 Hz, 1H). 

Fig. 7. Attenuation of acute LPS-induced pulmonary inflammation by compound 11d. (A) TNF-αlevels in BALF measured by ELISA. (B) IL-6 levels in BALF measured 
by ELISA. (C) TNF-α levels in serum measured by ELISA. (D) IL-6 levels in serum measured by ELISA. (E) mRNA levels of TNF-α in lung tissue measured by qPCR. (F) 
mRNA levels of IL-6 in lung tissue measured by qPCR. Data presented as mean ± SEM, n = 8, *, p < 0.05, **, p < 0.01 vs. the LPS-only group. 
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4.1.5. 2-Chloro-N-(6-methoxypyridin-3-yl)acetamide(7c) 
Purple solid in 76.00% yield; mp 118.0–118.8 ◦C; 1H NMR (400 

MHz, Chloroform-d) δ 8.23 (d, J = 2.7 Hz, 1H), 8.15 (s, 1H), 7.88 (dd, J 
= 8.9, 2.8 Hz, 1H), 6.76 (d, J = 8.9 Hz, 1H), 4.21 (s, 2H), 3.93 (s, 3H). 

4.1.6. 2-Chloro-N-(naphthalen-1-yl)acetamide (7d) 
White solid in 87.18% yield; mp 163.1–163.7 ◦C; 1H NMR (400 MHz, 

DMSO‑d6) δ 10.28 (s, 1H), 8.10–8.02 (m, 1H), 8.01–7.92 (m, 1H), 7.82 
(d, J = 8.2 Hz, 1H), 7.68 (d, J = 7.4 Hz, 1H), 7.65–7.47 (m, 3H), 4.45 (s, 
2H). 

4.1.7. N-(naphthalen-1-yl)acrylamide (7e) 
Light-yellow solid in 89.02% yield; mp 142.2–142.8 ◦C; 1H NMR 

(400 MHz, DMSO‑d6) δ 10.13 (s, 1H), 8.12–8.04 (m, 1H), 8.00–7.91 (m, 
1H), 7.79 (dd, J = 8.0, 4.9 Hz, 2H), 7.62–7.47 (m, 3H), 6.71 (dd, J =
17.0, 10.2 Hz, 1H), 6.32 (dd, J = 17.0, 2.0 Hz, 1H), 5.81 (dd, J = 10.2, 

2.0 Hz, 1H). 

4.1.8. 2-Chloro-N-(pyridin-2-yl)acetamide (7f) 
Brown gum in 70.16% yield; 1H NMR (500 MHz, Chloroform-d) δ 

8.87 (s, 1H), 8.34 (d, J = 5.0 Hz, 1H), 8.21 (d, J = 8.3 Hz, 1H), 7.75 (t, J 
= 7.9 Hz, 1H), 7.12 (dd, J = 7.4, 4.9 Hz, 1H), 4.21 (s, 2H). 

4.1.9. N-(pyridin-2-ylmethyl)ethenesulfonamide (7g) 
Brown gum in quantitive yield; 1H NMR (500 MHz, DMSO‑d6) δ 8.49 

(d, J = 4.9 Hz, 1H), 7.96 (s, 1H), 7.80 (td, J = 7.5, 6.9, 3.0 Hz, 1H), 7.45 
(dd, J = 11.9, 7.8 Hz, 1H), 7.30 (ddd, J = 12.7, 7.5, 4.8 Hz, 1H), 6.73 
(dd, J = 16.5, 10.0 Hz, 1H), 6.03 (d, J = 16.5 Hz, 1H), 5.94 (d, J = 10.0 
Hz, 1H), 4.14 (d, J = 4.5 Hz, 2H), 3.24 (t, J = 6.8 Hz, 1H). 

4.1.10. N-(6-methoxypyridin-3-yl)ethenesulfonamide (7h) 
Black gum in 42.27% yield; 1H NMR (500 MHz, Chloroform-d) δ 8.07 

(d, J = 2.7 Hz, 1H), 7.66 (dd, J = 8.9, 2.8 Hz, 1H), 6.79 (d, J = 8.7 Hz, 
2H), 6.59 (dd, J = 16.5, 9.9 Hz, 1H), 6.20 (d, J = 16.5 Hz, 1H), 5.98 (d, J 
= 9.9 Hz, 1H), 3.96 (s, 3H). 

4.1.11. N-(naphthalen-1-yl)ethenesulfonamide (7i) 
White solid in 73.70% yield; mp 86.5–87.0 ◦C; 1H NMR (400 MHz, 

Chloroform-d) δ 8.07 (d, J = 8.1 Hz, 1H), 7.86 (d, J = 7.9 Hz, 1H), 7.75 
(d, J = 8.2 Hz, 1H), 7.61–7.47 (m, 3H), 7.46–7.40 (m, 1H), 7.27–7.17 
(m, 1H), 6.61 (dd, J = 16.5, 10.0 Hz, 1H), 6.18 (d, J = 16.5 Hz, 1H), 5.83 
(d, J = 9.8 Hz, 1H). 

4.1.12. N-(quinolin-6-yl)ethenesulfonamide (7j) 
Yellow solid in 46.83% yield; 1H NMR (400 MHz, Chloroform-d) δ 

9.65 (s, 1H), 8.82 (dd, J = 4.2, 1.8 Hz, 1H), 8.09 (dd, J = 8.3, 1.8 Hz, 
1H), 8.01 (dd, J = 9.0, 3.2 Hz, 1H), 7.67 (d, J = 2.7 Hz, 1H), 7.61 (dt, J =
9.1, 2.9 Hz, 1H), 7.38 (dt, J = 8.1, 3.7 Hz, 1H), 6.59 (ddd, J = 16.5, 9.9, 

Fig. 8. Effect of 11d on a mice model of DSS-induced colitis. (A) The length of the colon in each group. (B) The spleen weight of each group was normalized by the 
weight of the responding mouse. (C) IL-6 level in serum measured by ELISA. (D) H&E staining results of colon tissue (200 × ) and spleen tissue (100 × ). Each bar 
represents mean ± SEM, n = 5, *, p < 0.05, **, p < 0.01 vs. the DSS-only group. 

Table 5 
PK study of 11d in ratsa.  

Perimeters I.V. (1 mg*kg− 1) P.O. (10 mg kg-1) 

t1/2 (h) 1.8 ± 0.4 7.1 ± 7.1 
Tmax (h) 0.14 ± 0.05 2.8 ± 2.8 
Cmax (ng/mL) 1318.7 ± 61.4 167.6 ± 9.2 
AUC(0-t) (h*ng/mL) 1112.9 ± 299.6 1057.5 ± 65.1 
AUC(0-∞) (h*ng/mL) 1116.3 ± 297.2 1183.5 ± 276.8 
MRT(0-t) (h) 1.1 ± 0.3 7.2 ± 0.6 
MRT(0-t) (h) 1.1 ± 0.3 12.3 ± 3.7 
Vz (L/kg) 2.3 ± 0.07 0.08 ± 0.06 
CL (L/h/kg) 0.9 ± 0.3 0.009 ± 0.002 
F (%) – 10.6 ± 1.0 

a SD rats weighing 180–220 g were used for the PK study (n = 3). Data were 
presented by Mean ± SD. 
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3.3 Hz, 1H), 6.29 (dd, J = 16.6, 3.2 Hz, 1H), 5.91 (dd, J = 9.9, 3.3 Hz, 
1H). 

4.1.13. 4-Chloro-3-nitro-N-(pyridin-2-ylmethyl)benzenesulfonamide (7k) 
White solid in 90.77% yield; mp 157.1–158.3 ◦C; 1H NMR (400 MHz, 

DMSO‑d6) δ 8.71 (s, 1H), 8.37 (dd, J = 5.0, 1.4 Hz, 1H), 8.34 (d, J = 2.1 
Hz, 1H), 7.99 (dd, J = 8.5, 2.1 Hz, 1H), 7.93 (d, J = 8.4 Hz, 1H), 7.70 (tt, 
J = 7.6, 1.2 Hz, 1H), 7.31 (d, J = 7.8 Hz, 1H), 7.21 (dd, J = 7.6, 4.7 Hz, 
1H), 4.21 (s, 2H). 

4.1.14. General procedure for preparation of intermediates 8a-8f 
Excess anhydrous piperazine was dissolved in DCM (20 mL). Various 

substituted benzyl bromide was added dropwise to the solution at 0 ◦C. 
The reaction mixture was stirred for about 2 h at R.T. before water was 
added. Following extraction with DCM and washing of the organic layer 
with brine, the DCM layer was dried with anhydrous MgSO4. Products 
8b-8e were obtained through evaporation in vacuo. For the synthesis of 
8a, excess anhydrous piperazine was dissolved in DMSO, then 4-nitro 
benzene bromide was added and stirred at 80 ◦C for about 4 h. After 
completion of the reaction, water was added, followed by extraction 
with ethyl acetate. The organic layer was washed with brine and dried 
with anhydrous MgSO4 followed by evaporated in vacuo to obtain 
desired product 8a. For the synthesis of 8f, N-Boc piperazine, 2-acta
mida thiazole, and formaldehyde were dissolved in acetic acid, the 
mixture was stirred at 100 ◦C for 1 h and evaporated in vacuo. The crude 
product was purified by flash silica chromatography (DCM: Methanol =
20 : 1), followed by removal of Boc group with trifluoro acetic acid and 
evaporation in vacuo to obtain desired compounds. 

4.1.15. 1-(4-nitrophenyl)piperazine (8a) 
Yellow solid in quantitive yield; mp 120.5–121.4 ◦C; 1H NMR (400 

MHz, Chloroform-d) δ 8.17–8.08 (m, 2H), 6.88–6.78 (m, 2H), 3.44 (t, J 
= 5.1 Hz, 4H), 3.07 (t, J = 5.2 Hz, 4H). 

4.1.16. 1-benzylpiperazine (8b) 
White solid in 75.76% yield; mp 89.8–90.8 ◦C; 1H NMR (400 MHz, 

DMSO‑d6) δ 7.34–7.25 (m, 5H), 3.41 (s, 2H), 2.67 (t, J = 4.9 Hz, 4H), 
2.32–2.17 (m, 4H). 

4.1.17. 1-(3-nitrobenzyl)piperazine (8c) 
Yellow solid in 72.55% yield; mp 106.1–107.5 ◦C; 1H NMR (400 

MHz, DMSO‑d6) δ 8.19–8.07 (m, 2H), 7.77 (d, J = 7.6 Hz, 1H), 7.63 (t, J 
= 7.8 Hz, 1H), 3.57 (s, 2H), 2.69 (s, 4H), 2.32 (s, 4H). 

4.1.18. 1-(4-nitrobenzyl)piperazine (8d) 
Yellow solid in 84.92% yield; mp 97.8–99.5 ◦C; 1H NMR (400 MHz, 

DMSO‑d6) δ 8.19 (d, J = 8.5 Hz, 2H), 7.59 (d, J = 8.4 Hz, 2H), 3.56 (s, 
2H), 2.70 (t, J = 4.8 Hz, 4H), 2.35–2.25 (m, 4H). 

4.1.19. 1-(4-methoxybenzyl)piperazine (8e) 
White solid in 57.38% yield; mp 104.9–106.3 ◦C; 1H NMR (400 MHz, 

Chloroform-d) δ 7.25–7.19 (m, 2H), 6.88–6.82 (m, 2H), 3.80 (s, 3H), 
3.43 (s, 2H), 2.87 (t, J = 4.9 Hz, 4H), 2.39 (s, 4H), 1.77 (s, 1H). 

4.1.20. N-(5-(piperazin-1-ylmethyl)thiazol-2-yl)acetamide(8f) 
Yellow solid in 34.10% yield; mp 163.0–164.6 ◦C; 1H NMR (400 

MHz, Chloroform-d) δ 11.68 (s, 1H), 7.20 (s, 1H), 3.68 (s, 2H), 3.43 (t, J 
= 5.0 Hz, 4H), 2.43 (t, J = 5.0 Hz, 4H), 2.31 (s, 3H). 

4.1.21. General procedures for preparation of compounds 9a-9z and 10a- 
10y 

To a solution containing intermediate compounds 7a-7j and trie
thylamine in DCM at R.T., it was added intermediate 8a-8f. After the 
completion of the reaction, the mixture was diluted with water and the 
aqueous layer was extracted with EtOAc or DCM (3 × 20 mL). The 
combined organic extracts were dried with anhydrous Na2SO4, filtered, 

and concentrated under reduced pressure. The crude material was pu
rified by chromatography on silica (0–10% methanol in DCM) to obtain 
the desired compounds. 

4.1.22. 2-(4-benzylpiperazin-1-yl)-N-(pyridin-2-ylmethyl)acetamide (9a) 
Yellow gum in 75.12% yield; 1H NMR (400 MHz, DMSO‑d6) δ 

8.50–8.47 (m, 1H), 8.32 (t, J = 6.0 Hz, 1H), 7.74 (td, J = 7.7, 1.9 Hz, 
1H), 7.35–7.21 (m, 8H), 4.40 (d, J = 5.9 Hz, 2H), 3.47 (s, 2H), 2.99 (s, 
2H), 2.45 (d, J = 24.2 Hz, 8H). 13C NMR (100 MHz, Chloroform-d) δ 
170.53, 157.00, 149.12, 137.87, 136.74, 129.13, 128.21, 127.09, 
122.29, 121.90, 62.88, 61.50, 53.46, 53.02, 44.09 ppm. MS (ESI, m/z): 
325.2[M+H]+. 

4.1.23. 2-(4-(3-nitrobenzyl)piperazin-1-yl)-N-(pyridin-2-ylmethyl) 
acetamide (9b) 

Brown solid in 30.44% yield; mp 89.8–90.2 ◦C; 1H NMR (400 MHz, 
Chloroform-d) δ 8.55 (d, J = 7.2 Hz, 1H), 8.20 (s, 1H), 8.16–8.06 (m, 
2H), 7.73–7.61 (m, 2H), 7.50 (t, J = 7.9 Hz, 1H), 7.29 (s, 1H), 7.24–7.16 
(m, 1H), 4.60 (d, J = 5.6 Hz, 2H), 3.62 (s, 2H), 3.10 (s, 2H), 2.57 (d, J =
30.0 Hz, 8H). 13C NMR (100 MHz, Chloroform-d) δ 170.41, 157.01, 
149.27, 148.43, 140.57, 136.83, 135.06, 129.29, 123.78, 122.42, 
122.37, 122.09, 61.95, 61.53, 53.46, 53.13, 44.19 ppm. MS (ESI, m/z): 
370.2[M+H]+. 

4.1.24. 2-(4-(4-nitrobenzyl)piperazin-1-yl)-N-(pyridin-2-ylmethyl) 
acetamide (9c) 

Yellow solid in 81.09% yield; mp 109.8–111.9 ◦C; 1H NMR (400 
MHz, DMSO‑d6) δ 8.49 (d, J = 4.9 Hz, 1H), 8.34 (t, J = 6.2 Hz, 1H), 8.20 
(d, J = 7.6 Hz, 2H), 7.74 (t, J = 7.6 Hz, 1H), 7.60 (d, J = 7.8 Hz, 2H), 
7.26 (d, J = 6.9 Hz, 2H), 4.40 (d, J = 5.7 Hz, 2H), 3.62 (s, 2H), 3.00 (s, 
2H), 2.33 (s, 8H). 13C NMR (100 MHz, Chloroform-d) δ 170.39, 157.01, 
149.25, 147.24, 146.22, 136.83, 129.52, 123.61, 122.41, 122.08, 62.03, 
61.55, 53.49, 53.22, 44.18 ppm. MS (ESI, m/z): 370.2[M+H]+. 

4.1.25. 2-(4-(4-nitrophenyl)piperazin-1-yl)-N-(pyridin-2-ylmethyl) 
acetamide (9d) 

Yellow solid in 7.27% yield; mp 135.6–136.9 ◦C; 1H NMR (400 MHz, 
Chloroform-d) δ 8.55 (d, J = 4.9 Hz, 1H), 8.18 (d, J = 6.0 Hz, 1H), 
8.16–8.11 (m, 2H), 7.68 (t, J = 7.7 Hz, 1H), 7.29 (s, 1H), 7.21 (dd, J =
7.5, 4.9 Hz, 1H), 6.87–6.80 (m, 2H), 4.62 (d, J = 5.3 Hz, 2H), 3.53–3.43 
(m, 4H), 3.18 (s, 2H), 2.78–2.67 (m, 4H). 13C NMR (100 MHz, Chloro
form-d) δ 169.79, 156.53, 154.82, 149.19, 138.80, 136.96, 126.00, 
122.55, 122.23, 112.94, 61.52, 53.01, 47.22, 44.02 ppm. MS (ESI, m/z): 
356.2[M+H]+. 

4.1.26. N-(pyridin-2-ylmethyl)-2-(4-(pyrimidin-2-yl)piperazin-1-yl) 
acetamide (9e) 

White solid in 69.98% yield; mp 111.2–112.9 ◦C; 1H NMR (400 MHz, 
Chloroform-d) δ 8.56 (dd, J = 5.1, 1.8 Hz, 1H), 8.31 (d, J = 4.7 Hz, 2H), 
8.23 (s, 1H), 7.67 (td, J = 7.7, 1.8 Hz, 1H), 7.28 (d, J = 7.6 Hz, 1H), 7.20 
(dd, J = 7.6, 4.9 Hz, 1H), 6.50 (t, J = 4.7 Hz, 1H), 4.63 (d, J = 5.4 Hz, 
2H), 3.93–3.83 (m, 4H), 3.14 (s, 2H), 2.65–2.57 (m, 4H). 13C NMR (100 
MHz, Chloroform-d) δ 170.25, 161.64, 157.77, 156.83, 149.28, 136.79, 
122.41, 122.03, 110.09, 61.75, 53.40, 44.09, 43.78 ppm. MS (ESI, m/z): 
313.2[M+H]+. 

4.1.27. 2-(4-(4-methoxybenzyl)piperazin-1-yl)-N-(pyridin-2-ylmethyl) 
acetamide (9f) 

Yellow gum in 62.02% yield; 1H NMR (400 MHz, DMSO‑d6) δ 8.48 
(dd, J = 5.3, 1.9 Hz, 1H), 8.32 (t, J = 6.0 Hz, 1H), 7.74 (td, J = 7.7, 1.8 
Hz, 1H), 7.29–7.15 (m, 4H), 6.92–6.83 (m, 2H), 4.39 (d, J = 5.9 Hz, 2H), 
3.73 (s, 3H), 3.40 (s, 3H), 2.98 (s, 2H), 2.43 (d, J = 29.3 Hz, 8H). 13C 
NMR (100 MHz, Chloroform-d) δ 170.67, 158.83, 157.09, 149.24, 
136.85, 130.44, 129.85, 122.40, 122.04, 113.67, 62.32, 61.55, 55.30, 
53.52, 52.98, 44.19 ppm. MS (ESI, m/z): 355.2[M+H]+. 
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4.1.28. 2-(4-((2-acetamidothiazol-5-yl)methyl)piperazin-1-yl)-N- 
(pyridin-2-ylmethyl)acetamide (9g) 

Yellow solid in 16.54% yield; mp 159.0–160.7 ◦C; 1H NMR (400 
MHz, DMSO‑d6) δ 11.96 (s, 1H), 8.50–8.46 (m, 1H), 8.34 (t, J = 6.0 Hz, 
1H), 7.75 (td, J = 7.7, 1.8 Hz, 1H), 7.26 (d, J = 7.5 Hz, 3H), 4.40 (d, J =
5.9 Hz, 2H), 3.65 (s, 2H), 3.01 (s, 2H), 2.48 (s, 8H), 2.12 (s, 3H). 13C 
NMR (100 MHz, Chloroform-d) δ 170.48, 168.10, 160.09, 157.03, 
149.24, 136.87, 134.52, 129.30, 122.43, 122.11, 61.44, 54.15, 53.37, 
52.68, 45.87, 44.18 ppm. MS (ESI, m/z): 389.2[M+H]+. 

4.1.29. 3-(4-benzylpiperazin-1-yl)-N-(pyridin-2-ylmethyl)propanamide 
(9h) 

Yellow gum in 44.66% yield; 1H NMR (400 MHz, DMSO‑d6) δ 8.68 (t, 
J = 5.9 Hz, 1H), 8.48 (d, J = 4.6 Hz, 1H), 7.72 (t, J = 7.6 Hz, 1H), 
7.38–7.30 (m, 5H), 7.26 (dd, J = 7.5, 4.9 Hz, 1H), 4.36 (d, J = 5.8 Hz, 
2H), 3.69 (s, 2H), 3.01–2.77 (m, 8H), 2.68 (s, 2H), 2.55 (s, 2H). 13C NMR 
(100 MHz, Chloroform-d) δ 171.09, 156.88, 149.05, 136.89, 135.93, 
129.57, 128.62, 127.91, 122.41, 122.11, 62.20, 53.36, 51.98, 51.13, 
44.71, 31.71 ppm. MS (ESI, m/z): 339.2[M+H]+. 

4.1.30. 3-(4-(4-nitrobenzyl)piperazin-1-yl)-N-(pyridin-2-ylmethyl) 
propanamide (9i) 

Yellow gum in 31.07% yield; 1H NMR (400 MHz, DMSO‑d6) δ 8.61 (t, 
J = 5.9 Hz, 1H), 8.48 (ddd, J = 4.8, 1.8, 0.9 Hz, 1H), 8.24–8.18 (m, 2H), 
7.71 (td, J = 7.7, 1.8 Hz, 1H), 7.63–7.57 (m, 2H), 7.37 (dt, J = 7.8, 1.1 
Hz, 1H), 7.25 (ddd, J = 7.5, 4.8, 1.2 Hz, 1H), 4.35 (d, J = 5.9 Hz, 2H), 
3.61 (s, 2H), 2.56 (t, J = 6.9 Hz, 2H), 2.41 (s, 8H), 2.34 (t, J = 6.9 Hz, 
2H). 13C NMR (100 MHz, Chloroform-d) δ 172.50, 157.17, 149.05, 
147.26, 146.17, 136.80, 129.54, 123.63, 122.32, 122.07, 62.12, 53.81, 
52.96, 52.52, 44.72, 32.37 ppm. MS (ESI, m/z): 384.2[M+H]+. 

4.1.31. 3-(4-(4-nitrophenyl)piperazin-1-yl)-N-(pyridin-2-ylmethyl) 
propanamide (9j) 

Yellow solid in 30.86% yield; mp 143.4–144.1 ◦C; 1H NMR (400 
MHz, DMSO‑d6) δ 8.60 (t, J = 5.9 Hz, 1H), 8.48 (dt, J = 4.6, 1.5 Hz, 1H), 
8.11–8.01 (m, 2H), 7.73 (td, J = 7.7, 1.8 Hz, 1H), 7.36 (d, J = 7.9 Hz, 
1H), 7.24 (ddd, J = 7.7, 4.8, 1.1 Hz, 1H), 7.09–7.01 (m, 2H), 4.37 (d, J =
5.9 Hz, 2H), 3.46 (d, J = 5.0 Hz, 4H), 2.63 (t, J = 6.9 Hz, 2H), 2.54 (d, J 
= 5.1 Hz, 4H), 2.39 (t, J = 6.9 Hz, 2H). 13C NMR (100 MHz, Chloroform- 
d) δ 172.05, 156.67, 154.84, 148.95, 138.72, 136.78, 126.03, 122.43, 
122.14, 112.86, 53.79, 52.12, 46.97, 44.65, 32.54 ppm. MS (ESI, m/z): 
370.2[M+H]+. 

4.1.32. 2-(4-benzylpiperazin-1-yl)-N-(6-methoxypyridin-3-yl)acetamide 
(9k) 

Pink solid in 46.50% yield; mp 92.2–93.4 ◦C; 1H NMR (400 MHz, 
Chloroform-d) δ 9.05 (s, 1H), 8.22 (d, J = 2.7 Hz, 1H), 7.95 (dd, J = 8.8, 
2.8 Hz, 1H), 7.36–7.22 (m, 5H), 6.73 (d, J = 8.8 Hz, 1H), 3.91 (s, 3H), 
3.54 (s, 2H), 3.13 (s, 2H), 2.64 (t, J = 4.8 Hz, 5H), 2.53 (s, 4H). 13C NMR 
(100 MHz, Chloroform-d) δ 168.79, 161.01, 138.18, 137.76, 131.72, 
129.23, 128.44, 128.37, 127.30, 110.66, 62.94, 61.76, 53.62, 53.57, 
53.16 ppm. MS (ESI, m/z): 341.2[M+H]+. 

4.1.33. N-(6-methoxypyridin-3-yl)-2-(4-(3-nitrobenzyl)piperazin-1-yl) 
acetamide (9l) 

Orange gum in 96.30% yield; 1H NMR (400 MHz, Chloroform-d) δ 
9.02 (s, 1H), 8.25–8.19 (m, 2H), 8.15–8.10 (m, 1H), 7.95 (dd, J = 8.9, 
2.8 Hz, 1H), 7.69 (d, J = 7.6 Hz, 1H), 7.51 (t, J = 7.9 Hz, 1H), 6.74 (d, J 
= 8.8 Hz, 1H), 3.91 (s, 3H), 3.64 (s, 2H), 3.17 (s, 2H), 2.69 (d, J = 4.9 Hz, 
4H), 2.57 (s, 4H). 13C NMR (100 MHz, Chloroform-d) δ 168.55, 148.37, 
140.41, 138.14, 134.95, 131.64, 129.27, 128.33, 123.63, 122.32, 
110.57, 61.82, 61.67, 53.55, 53.45, 53.11 ppm. MS (ESI, m/z): 386.2 
[M+H]+. 

4.1.34. N-(6-methoxypyridin-3-yl)-2-(4-(4-nitrobenzyl)piperazin-1-yl) 
acetamide (9m) 

Brown solid in 80.68% yield; mp 111.3–112.6 ◦C; 1H NMR (400 
MHz, Chloroform-d) δ 9.00 (s, 1H), 8.24–8.15 (m, 3H), 7.96 (dd, J = 8.9, 
2.7 Hz, 1H), 7.52 (d, J = 8.5 Hz, 2H), 6.74 (d, J = 8.8 Hz, 1H), 3.91 (s, 
3H), 3.64 (s, 2H), 3.16 (s, 2H), 2.75–2.63 (m, 4H), 2.56 (s, 4H). MS (ESI, 
m/z): 386.2[M+H]+. 

4.1.35. N-(6-methoxypyridin-3-yl)-2-(4-(4-nitrophenyl)piperazin-1-yl) 
acetamide (9n) 

Yellow solid in 72.65% yield; mp 233.8–234.7 ◦C; 1H NMR (400 
MHz, DMSO‑d6) δ 9.83 (s, 1H), 8.39 (d, J = 2.6 Hz, 1H), 8.10–8.01 (m, 
2H), 7.94 (dd, J = 8.9, 2.7 Hz, 1H), 7.09–6.99 (m, 2H), 6.80 (d, J = 8.9 
Hz, 1H), 3.82 (s, 3H), 3.54 (t, J = 5.1 Hz, 4H), 3.21 (s, 2H), 2.66 (t, J =
5.1 Hz, 4H). 13C NMR (100 MHz, DMSO‑d6) δ 168.74, 160.29, 155.24, 
138.78, 137.38, 132.56, 130.03, 126.27, 113.18, 110.48, 61.67, 53.67, 
52.73, 46.75 ppm. MS (ESI, m/z): 372.2[M+H]+. 

4.1.36. N-(6-methoxypyridin-3-yl)-2-(4-(pyrimidin-2-yl)piperazin-1-yl) 
acetamide (9o) 

White solid in 82.60% yield; mp 164.5–164.9 ◦C; 1H NMR (500 MHz, 
Chloroform-d) δ 9.04 (s, 1H), 8.33 (d, J = 4.8 Hz, 2H), 8.24 (d, J = 2.7 
Hz, 1H), 7.99 (dd, J = 8.9, 2.8 Hz, 1H), 6.76 (d, J = 8.9 Hz, 1H), 6.54 (t, J 
= 4.8 Hz, 1H), 3.92 (d, J = 4.4 Hz, 7H), 3.21 (s, 2H), 2.70 (t, J = 5.1 Hz, 
4H). 13C NMR (100 MHz, Chloroform-d) δ 168.34, 161.58, 161.08, 
157.81, 138.23, 131.74, 128.34, 110.70, 110.37, 62.00, 53.62, 53.46, 
43.79 ppm. MS (ESI, m/z): 329.2[M+H]+. 

4.1.37. 2-(4-(4-methoxybenzyl)piperazin-1-yl)-N-(6-methoxypyridin-3- 
yl)acetamide (9p) 

White solid in 85.57% yield; mp 126.9–127.7 ◦C; 1H NMR (400 MHz, 
Chloroform-d) δ 9.03 (s, 1H), 8.20 (d, J = 2.7 Hz, 1H), 7.96 (dd, J = 8.8, 
2.8 Hz, 1H), 7.23 (d, J = 8.4 Hz, 3H), 6.91–6.83 (m, 2H), 6.74 (d, J = 8.8 
Hz, 1H), 3.92 (s, 3H), 3.81 (s, 3H), 3.49 (s, 2H), 3.14 (s, 2H), 2.71–2.42 
(m, 8H). 13C NMR (100 MHz, Chloroform-d) δ 168.75, 161.03, 158.91, 
138.14, 131.67, 130.41, 129.77, 128.45, 113.73, 110.68, 62.32, 61.77, 
55.33, 53.62, 53.08 ppm. MS (ESI, m/z): 371.3[M+H]+. 

4.1.38. 2-(4-((2-acetamidothiazol-5-yl)methyl)piperazin-1-yl)-N-(6- 
methoxypyridin-3-yl)acetamide (9q) 

Pink solid in 19.05% yield; mp 180.6–182.6 ◦C; 1H NMR (400 MHz, 
DMSO‑d6) δ 11.97 (s, 1H), 9.74 (s, 1H), 8.37 (d, J = 2.7 Hz, 1H), 7.91 
(dd, J = 8.9, 2.7 Hz, 1H), 7.28 (s, 1H), 6.79 (d, J = 8.9 Hz, 1H), 3.81 (s, 
3H), 3.67 (s, 2H), 3.14 (s, 2H), 2.54 (s, 8H), 2.12 (s, 3H). 13C NMR (100 
MHz, Chloroform-d) δ 168.43, 168.10, 161.07, 160.20, 138.17, 134.63, 
131.73, 128.37, 110.69, 61.57, 54.09, 53.65, 53.36, 52.64, 23.23 ppm. 
MS (ESI, m/z): 405.2[M+H]+. 

4.1.39. 2-(4-benzylpiperazin-1-yl)-N-(naphthalen-1-yl)acetamide (9r) 
Light-yellow solid in 98.18% yield; mp 89.9–90.6 ◦C; 1H NMR (400 

MHz, Chloroform-d) δ 9.95 (s, 1H), 8.25 (dd, J = 7.6, 1.1 Hz, 1H), 7.85 
(ddd, J = 13.3, 8.0, 1.6 Hz, 2H), 7.65 (d, J = 8.2 Hz, 1H), 7.58–7.45 (m, 
3H), 7.37–7.31 (m, 4H), 7.30–7.23 (m, 1H), 3.59 (s, 2H), 3.27 (s, 2H), 
2.86–2.52 (m, 8H). 13C NMR (100 MHz, Chloroform-d) δ 168.60, 
134.14, 132.33, 129.29, 129.06, 128.43, 127.39, 126.31, 126.14, 
125.95, 124.84, 119.92, 118.29, 62.94, 62.29, 53.63, 53.43 ppm. MS 
(ESI, m/z): 360.2[M+H]+. 

4.1.40. N-(naphthalen-1-yl)-2-(4-(3-nitrobenzyl)piperazin-1-yl)acetamide 
(9s) 

Yellow gum in 71.11% yield; 1H NMR (400 MHz, DMSO‑d6) δ 9.99 
(s, 1H), 8.19 (t, J = 2.0 Hz, 1H), 8.14 (ddd, J = 8.2, 2.5, 1.1 Hz, 1H), 
7.99–7.90 (m, 2H), 7.87 (dd, J = 7.5, 1.1 Hz, 1H), 7.83–7.73 (m, 2H), 
7.65 (t, J = 7.9 Hz, 1H), 7.61–7.53 (m, 2H), 7.50 (dd, J = 8.2, 7.5 Hz, 
1H), 3.68 (s, 2H), 3.28 (s, 2H), 2.62 (d, J = 46.4 Hz, 8H). 13C NMR (100 
MHz, Chloroform-d) δ 168.54, 148.45, 140.55, 135.06, 134.14, 132.33, 
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129.38, 129.07, 126.37, 126.10, 126.01, 124.91, 123.71, 122.41, 
119.92, 118.40, 62.27, 61.90, 53.62, 53.47 ppm. MS (ESI, m/z): 405.2 
[M+H]+. 

4.1.41. N-(naphthalen-1-yl)-2-(4-(4-nitrobenzyl)piperazin-1-yl)acetamide 
(9t) 

Yellow solid in 68.94% yield; mp 189.1–190.9 ◦C; 1H NMR (400 
MHz, DMSO‑d6) δ 9.99 (s, 1H), 8.26–8.16 (m, 2H), 8.00–7.89 (m, 2H), 
7.86 (d, J = 7.4 Hz, 1H), 7.77 (d, J = 8.2 Hz, 1H), 7.63 (d, J = 6.9 Hz, 
1H), 7.62–7.55 (m, 3H), 7.52 (q, J = 7.6 Hz, 1H), 3.68 (s, 2H), 3.29 (s, 
2H), 2.69 (s, 4H), 2.56 (s, 4H). 13C NMR (100 MHz, Chloroform-d) δ 
168.41, 147.37, 146.00, 134.15, 132.24, 129.54, 129.11, 126.31, 
126.14, 125.97, 124.96, 123.72, 119.85, 118.46, 62.26, 62.03, 53.62, 
53.55 ppm. MS (ESI, m/z): 405.2[M+H]+. 

4.1.42. N-(naphthalen-1-yl)-2-(4-(4-nitrophenyl)piperazin-1-yl)acetamide 
(9u) 

Yellow solid in 48.68% yield; mp 216.4–218.0 ◦C; 1H NMR (400 
MHz, DMSO‑d6) δ 10.02 (s, 1H), 8.11–8.05 (m, 2H), 7.97 (ddd, J = 7.3, 
3.3, 1.4 Hz, 2H), 7.80 (dd, J = 13.3, 7.8 Hz, 2H), 7.64–7.47 (m, 3H), 
7.12–7.03 (m, 2H), 3.61 (t, J = 5.0 Hz, 4H), 2.78 (t, J = 5.1 Hz, 4H). 13C 
NMR (100 MHz, Chloroform-d) δ 167.77, 154.66, 139.19, 134.15, 
132.02, 129.19, 126.48, 126.11, 126.06, 126.01, 125.20, 119.61, 
118.64, 113.24, 62.34, 53.21, 47.53 ppm. MS (ESI, m/z): 391.2[M+H]+. 

4.1.43. N-(naphthalen-1-yl)-2-(4-(pyrimidin-2-yl)piperazin-1-yl) 
acetamide (9v) 

White solid in 86.16% yield; mp 195.0–196.3 ◦C; 1H NMR (400 MHz, 
Chloroform-d) δ 9.95 (s, 1H), 8.35 (d, J = 4.8 Hz, 2H), 8.28 (dd, J = 7.6, 
1.2 Hz, 1H), 7.87 (ddd, J = 9.4, 7.7, 1.5 Hz, 2H), 7.71–7.65 (m, 1H), 
7.59–7.48 (m, 3H), 6.55 (t, J = 4.8 Hz, 1H), 4.06–3.96 (m, 4H), 3.35 (s, 
2H), 2.81 (t, J = 5.1 Hz, 4H). 13C NMR (100 MHz, Chloroform-d) δ 
168.24, 161.68, 157.88, 134.14, 132.21, 129.10, 126.46, 126.12, 
126.02, 125.93, 124.98, 119.74, 118.40, 110.50, 62.55, 53.59, 44.08 
ppm. MS (ESI, m/z): 348.2[M+H]+. 

4.1.44. 2-(4-(4-methoxybenzyl)piperazin-1-yl)-N-(naphthalen-1-yl) 
acetamide (9w) 

Brown solid in 74.37% yield; mp 99.0–100.9 ◦C; 1H NMR (400 MHz, 
Chloroform-d) δ 9.96 (s, 1H), 8.25 (dd, J = 7.6, 1.1 Hz, 1H), 7.91–7.80 
(m, 2H), 7.65 (d, J = 8.2 Hz, 1H), 7.59–7.44 (m, 3H), 7.29–7.22 (m, 2H), 
6.92–6.84 (m, 2H), 3.80 (s, 3H), 3.53 (s, 2H), 3.27 (s, 2H), 2.79–2.52 (m, 
8H). 13C NMR (100 MHz, Chloroform-d) δ 168.64, 158.94, 132.35, 
130.43, 129.77, 129.06, 126.30, 126.14, 125.94, 124.81, 119.93, 
118.24, 113.75, 62.35, 62.30, 55.34, 53.69, 53.35 ppm. MS (ESI, m/z): 
390.2[M+H]+. 

4.1.45. 3-(4-benzylpiperazin-1-yl)-N-(naphthalen-1-yl)propanamide (9x) 
White solid in 23.73% yield; mp 203.5–205.4 ◦C; 1H NMR (400 MHz, 

DMSO‑d6) δ 10.28 (s, 1H), 8.13 (d, J = 8.4 Hz, 1H), 7.94 (dd, J = 8.2, 
1.3 Hz, 1H), 7.76 (t, J = 8.0 Hz, 2H), 7.55 (ddd, J = 8.1, 6.8, 1.2 Hz, 1H), 
7.51–7.43 (m, 2H), 7.38–7.22 (m, 5H), 3.50 (s, 2H), 2.71 (t, J = 6.6 Hz, 
2H), 2.61 (t, J = 6.5 Hz, 4H), 2.54 (s, 2H), 2.47 (s, 4H). 13C NMR (100 
MHz, Chloroform-d) δ 171.04, 137.69, 134.11, 133.70, 129.30, 128.85, 
128.45, 127.35, 126.23, 126.10, 125.82, 125.75, 124.33, 121.47, 
118.76, 63.10, 54.42, 52.95, 52.69, 32.95 ppm. MS (ESI, m/z): 374.3 
[M+H]+. 

4.1.46. N-(naphthalen-1-yl)-3-(4-(4-nitrophenyl)piperazin-1-yl) 
propanamide (9y) 

Yellow solid in 87.00% yield; mp 193.8–195.2 ◦C; 1H NMR (400 
MHz, DMSO‑d6) δ 10.12 (s, 1H), 8.17–8.11 (m, 1H), 8.09–8.05 (m, 2H), 
7.96–7.91 (m, 1H), 7.74 (dd, J = 15.2, 7.9 Hz, 3H), 7.55–7.46 (m, 3H), 
7.07 (d, J = 9.5 Hz, 2H), 3.52 (t, J = 4.9 Hz, 4H), 2.78 (t, J = 6.7 Hz, 2H), 
2.67 (dt, J = 10.1, 5.8 Hz, 8H). 13C NMR (100 MHz, DMSO‑d6) δ 171.26, 
155.26, 137.45, 134.24, 134.20, 128.65, 128.11, 126.50, 126.22, 

125.56, 123.30, 121.77, 113.20, 113.02, 54.43, 52.60, 46.90, 34.17 
ppm. MS (ESI, m/z): 405.2[M+H]+. 

4.1.47. 2-(4-(4-nitrophenyl)piperazin-1-yl)-N-(pyridin-2-yl)acetamide 
(9z) 

Yellow solid in 55.42% yield; mp 167.4–169.4 ◦C; 1H NMR (500 
MHz, DMSO‑d6) δ 10.04 (s, 1H), 8.31 (d, J = 4.8 Hz, 1H), 8.10 (d, J =
8.3 Hz, 1H), 8.05 (d, J = 9.1 Hz, 2H), 7.80 (t, J = 7.7 Hz, 1H), 7.12 (dd, J 
= 7.3, 4.9 Hz, 1H), 7.04 (d, J = 9.1 Hz, 2H), 3.52 (t, J = 5.0 Hz, 4H), 3.28 
(s, 2H), 2.68 (t, J = 5.0 Hz, 4H). 13C NMR (100 MHz, Chloroform-d) δ 
168.46, 154.74, 150.84, 147.98, 138.99, 138.60, 126.00, 120.16, 
114.00, 113.12, 62.15, 53.05, 47.24 ppm. MS (ESI, m/z): 342.2[M+H]+. 

4.1.48. 2-(4-benzylpiperazin-1-yl)-N-(pyridin-2-ylmethyl)ethane-1- 
sulfonamide (10a) 

Brown gum in 72.20% yield; 1H NMR (500 MHz, Chloroform-d) δ 
8.55 (d, J = 4.9 Hz, 1H), 7.72 (t, J = 7.6 Hz, 1H), 7.37 (d, J = 7.9 Hz, 
1H), 7.35–7.27 (m, 5H), 7.27–7.24 (m, 1H), 4.43 (s, 2H), 3.49 (s, 2H), 
3.20 (t, J = 6.6 Hz, 2H), 2.88 (t, J = 6.6 Hz, 2H), 2.09 (s, 2H). 13C NMR 
(100 MHz, Chloroform-d) δ 156.07, 149.03, 137.11, 137.03, 129.36, 
128.29, 127.33, 122.82, 122.21, 62.62, 52.62, 52.48, 52.39, 49.06, 
47.62, 25.33 ppm. MS (ESI, m/z): 375.2[M+H]+. 

4.1.49. 2-(4-(3-nitrobenzyl)piperazin-1-yl)-N-(pyridin-2-ylmethyl)ethane- 
1-sulfonamide (10b) 

Brown solid in 28.01% yield; mp 91.9–93.3 ◦C; 1H NMR (500 MHz, 
Chloroform-d) δ 8.55 (d, J = 4.9 Hz, 1H), 7.72 (t, J = 7.6 Hz, 1H), 7.37 
(d, J = 7.9 Hz, 1H), 7.35–7.27 (m, 5H), 7.27–7.24 (m, 1H), 4.43 (s, 2H), 
3.49 (s, 2H), 3.20 (t, J = 6.6 Hz, 2H), 2.88 (t, J = 6.6 Hz, 2H), 2.51 (s, 
8H). 13C NMR (100 MHz, Chloroform-d) δ 156.05, 149.21, 148.42, 
140.50, 137.07, 135.06, 129.29, 123.73, 122.88, 122.36, 122.19, 61.88, 
52.97, 52.84, 52.60, 49.08, 47.75 ppm. MS (ESI, m/z): 420.2[M+H]+. 

4.1.50. 2-(4-(4-nitrobenzyl)piperazin-1-yl)-N-(pyridin-2-ylmethyl)ethane- 
1-sulfonamide (10c) 

Brown solid in 38.27% yield; mp 119.6–120.7 ◦C; 1H NMR (400 
MHz, Chloroform-d) δ 8.54 (d, J = 4.4 Hz, 1H), 8.16 (d, J = 8.5 Hz, 2H), 
7.71 (t, J = 7.7 Hz, 1H), 7.48 (d, J = 8.5 Hz, 2H), 7.36 (d, J = 7.8 Hz, 
1H), 7.25 (dd, J = 7.6, 4.9 Hz, 1H), 6.20 (s, 1H), 4.43 (s, 2H), 3.55 (s, 
2H), 3.20 (t, J = 6.6 Hz, 2H), 2.88 (t, J = 6.6 Hz, 2H), 2.48 (d, J = 30.1 
Hz, 8H). 13C NMR (100 MHz, Chloroform-d) δ 156.03, 149.19, 147.25, 
146.10, 137.06, 129.52, 123.61, 122.86, 122.18, 62.00, 53.02, 52.95, 
52.62, 49.11, 47.73 ppm. MS (ESI, m/z): 420.2[M+H]+. 

4.1.51. 2-(4-(4-nitrophenyl)piperazin-1-yl)-N-(pyridin-2-ylmethyl)ethane- 
1-sulfonamide (10d) 

Yellow solid in 45.96% yield; mp 186.4–187.3 ◦C; 1H NMR (500 
MHz, DMSO‑d6) δ 8.50 (d, J = 5.4 Hz, 1H), 8.04 (t, J = 6.7 Hz, 2H), 7.80 
(q, J = 6.7 Hz, 1H), 7.68 (q, J = 5.9 Hz, 1H), 7.45 (t, J = 6.0 Hz, 1H), 
7.29 (d, J = 6.5 Hz, 1H), 7.03 (t, J = 6.8 Hz, 2H), 4.28 (t, J = 5.6 Hz, 2H), 
3.56–3.39 (m, 7H), 3.28 (q, J = 6.8 Hz, 3H), 2.70 (d, J = 7.1 Hz, 2H). 13C 
NMR (100 MHz, Chloroform-d) δ 155.52, 154.76, 149.14, 138.81, 
137.14, 126.00, 123.00, 122.24, 112.91, 52.68, 52.61, 49.22, 47.47, 
46.92 ppm. MS (ESI, m/z): 406.2[M+H]+. 

4.1.52. N-(pyridin-2-ylmethyl)-2-(4-(pyrimidin-2-yl)piperazin-1-yl) 
ethane-1-sulfonamide (10e) 

White solid in 12.50% yield; mp 98.9–100.0 ◦C; 1H NMR (500 MHz, 
Chloroform-d) δ 8.52 (d, J = 4.9 Hz, 1H), 8.30 (d, J = 4.8 Hz, 2H), 7.69 
(t, J = 7.7 Hz, 1H), 7.33 (d, J = 7.8 Hz, 1H), 7.22 (dd, J = 7.5, 4.9 Hz, 
1H), 6.50 (t, J = 4.7 Hz, 1H), 6.22 (t, J = 5.7 Hz, 1H), 4.46 (d, J = 5.2 Hz, 
2H), 3.81 (t, J = 5.0 Hz, 4H), 3.25 (t, J = 6.5 Hz, 2H), 2.91 (t, J = 6.5 Hz, 
2H), 2.53 (t, J = 5.0 Hz, 4H). 13C NMR (100 MHz, Chloroform-d) δ 
161.57, 157.81, 155.71, 149.27, 137.03, 122.90, 122.10, 110.16, 53.04, 
52.90, 49.18, 47.56, 43.44 ppm. MS (ESI, m/z): 363.2[M+H]+. 
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4.1.53. 2-(4-(4-methoxybenzyl)piperazin-1-yl)-N-(pyridin-2-ylmethyl) 
ethane-1-sulfonamide (10f) 

Yellow gum in 45.57% yield; 1H NMR (400 MHz, DMSO‑d6) δ 8.51 
(dd, J = 5.0, 1.7 Hz, 1H), 7.81 (td, J = 7.7, 1.8 Hz, 1H), 7.62 (t, J = 6.3 
Hz, 1H), 7.44 (d, J = 7.8 Hz, 1H), 7.30 (dd, J = 7.4, 4.9 Hz, 1H), 
7.21–7.14 (m, 2H), 6.90–6.83 (m, 2H), 4.26 (d, J = 5.9 Hz, 2H), 3.73 (s, 
3H), 3.25–3.14 (m, 2H), 2.62 (dd, J = 8.5, 6.3 Hz, 2H), 2.34 (d, J = 19.4 
Hz, 7H). 13C NMR (100 MHz, Chloroform-d) δ 158.89, 156.09, 149.23, 
137.04, 130.48, 129.62, 122.83, 122.16, 113.70, 62.30, 55.32, 52.99, 
52.73, 52.65, 49.01, 47.73 ppm. MS (ESI, m/z): 405.2[M+H]+. 

4.1.54. 2-(4-benzylpiperazin-1-yl)-N-(6-methoxypyridin-3-yl)ethane-1- 
sulfonamide (10g) 

Yellow gum in 26.43% yield; 1H NMR (400 MHz, DMSO‑d6) δ 
10.20–9.14 (brs, 1H), 8.03 (d, J = 2.7 Hz, 1H), 7.58 (dd, J = 8.9, 2.8 Hz, 
1H), 7.34–7.20 (m, 5H), 6.82 (d, J = 8.8 Hz, 1H), 3.83 (s, 3H), 3.42 (s, 
2H), 3.19 (dd, J = 8.7, 6.1 Hz, 2H), 2.69 (dd, J = 8.7, 6.1 Hz, 2H), 2.33 
(d, J = 19.8 Hz, 8H). 13C NMR (100 MHz, Chloroform-d) δ 162.32, 
141.05, 137.68, 135.24, 129.11, 128.30, 127.23, 127.00, 111.42, 62.83, 
53.72, 53.15, 53.02, 52.68, 48.32 ppm. MS (ESI, m/z): 391.2[M+H]+. 

4.1.55. N-(6-methoxypyridin-3-yl)-2-(4-(3-nitrobenzyl)piperazin-1-yl) 
ethane-1-sulfonamide (10h) 

Brown gum in 90.96% yield; 1H NMR (400 MHz, DMSO‑d6) δ 8.13 (s, 
2H), 8.02 (d, J = 2.8 Hz, 1H), 7.75 (d, J = 7.6 Hz, 1H), 7.65–7.60 (m, 
1H), 7.57 (dd, J = 8.8, 2.8 Hz, 1H), 6.82 (d, J = 8.8 Hz, 1H), 3.82 (s, 3H), 
3.58 (s, 2H), 3.23–3.16 (m, 2H), 2.73–2.65 (m, 2H), 2.36 (s, 8H). 13C 
NMR (100 MHz, Chloroform-d) δ 162.29, 148.36, 141.18, 140.37, 
135.12, 134.99, 129.25, 127.02, 123.63, 122.31, 111.34, 61.72, 53.73, 
52.96, 52.89, 52.36, 48.40 ppm. MS (ESI, m/z): 436.2[M+H]+. 

4.1.56. N-(6-methoxypyridin-3-yl)-2-(4-(4-nitrobenzyl)piperazin-1-yl) 
ethane-1-sulfonamide (10i) 

Brown solid in 9.31% yield; mp 88.9–90.0 ◦C; 1H NMR (400 MHz, 
DMSO‑d6) δ 8.23–8.15 (m, 2H), 8.02 (d, J = 2.7 Hz, 1H), 7.62–7.53 (m, 
3H), 6.82 (d, J = 8.8 Hz, 1H), 3.82 (s, 3H), 3.57 (s, 2H), 3.20 (dd, J = 8.5, 
6.2 Hz, 2H), 2.69 (dd, J = 8.6, 6.1 Hz, 2H), 2.36 (s, 8H). 13C NMR (100 
MHz, Chloroform-d) δ 162.51, 147.39, 141.19, 135.43, 129.57, 126.98, 
123.72, 111.59, 61.84, 53.80, 53.08, 52.96, 52.61, 48.24 ppm. MS (ESI, 
m/z): 436.1[M+H]+. 

4.1.57. N-(6-methoxypyridin-3-yl)-2-(4-(4-nitrophenyl)piperazin-1-yl) 
ethane-1-sulfonamide (10j) 

Yellow gum in 14.49% yield; 1H NMR (500 MHz, Chloroform-d) δ 
8.09 (d, J = 9.0 Hz, 2H), 8.02 (s, 1H), 7.60 (d, J = 8.7 Hz, 1H), 7.17 (s, 
1H), 6.80 (d, J = 9.0 Hz, 2H), 6.74 (d, J = 8.8 Hz, 1H), 3.90 (s, 3H), 3.41 
(t, J = 5.1 Hz, 4H), 3.26 (t, J = 6.6 Hz, 2H), 2.96 (t, J = 6.6 Hz, 2H), 2.66 
(t, J = 5.0 Hz, 4H). 13C NMR (100 MHz, Chloroform-d) δ 162.60, 154.57, 
141.32, 138.94, 135.33, 126.70, 125.92, 113.01, 111.62, 53.79, 52.68, 
52.49, 48.59, 47.04 ppm. MS (ESI, m/z): 422.2[M+H]+. 

4.1.58. N-(6-methoxypyridin-3-yl)-2-(4-(pyrimidin-2-yl)piperazin-1-yl) 
ethane-1-sulfonamide (10k) 

Gray solid in 34.53% yield; mp 111.8–113.5 ◦C; 1H NMR (500 MHz, 
Chloroform-d) δ 8.29 (d, J = 4.8 Hz, 2H), 8.04 (d, J = 2.8 Hz, 1H), 7.60 
(dd, J = 8.8, 2.8 Hz, 1H), 6.73 (d, J = 8.8 Hz, 1H), 6.50 (t, J = 4.8 Hz, 
1H), 3.89 (s, 3H), 3.84 (t, J = 5.1 Hz, 4H), 3.27 (t, J = 6.6 Hz, 2H), 2.96 
(t, J = 6.6 Hz, 2H), 2.59 (t, J = 5.1 Hz, 4H). 13C NMR (100 MHz, 
Chloroform-d) δ 162.49, 161.58, 157.81, 141.38, 135.23, 126.89, 
111.52, 110.40, 53.80, 53.08, 52.71, 48.48, 43.56 ppm. MS (ESI, m/z): 
379.2[M+H]+. 

4.1.59. 2-(4-(4-methoxybenzyl)piperazin-1-yl)-N-(6-methoxypyridin-3- 
yl)ethane-1-sulfonamide (10l) 

Yellow gum in 26.63% yield; 1H NMR (400 MHz, DMSO‑d6) δ 9.62 
(s, 1H), 8.02 (d, J = 2.7 Hz, 1H), 7.57 (dd, J = 8.8, 2.8 Hz, 1H), 7.17 (d, J 

= 8.5 Hz, 2H), 6.84 (dd, J = 17.4, 8.7 Hz, 3H), 3.82 (s, 3H), 3.72 (s, 3H), 
3.21–3.14 (m, 2H), 2.70–2.64 (m, 2H), 2.31 (d, J = 22.5 Hz, 7H). 13C 
NMR (100 MHz, Chloroform-d) δ 162.34, 158.91, 141.20, 135.27, 
130.46, 129.43, 127.08, 113.73, 111.43, 62.17, 55.32, 53.77, 53.00, 
52.81, 52.51, 48.36 ppm. MS (ESI, m/z): 421.2[M+H]+. 

4.1.60. 2-(4-benzylpiperazin-1-yl)-N-(naphthalen-1-yl)ethane-1- 
sulfonamide (10m) 

Brown solid in 84.30% yield; mp 89.0–90.0 ◦C; 1H NMR (400 MHz, 
Chloroform-d) δ 8.13–8.07 (m, 1H), 7.88–7.83 (m, 1H), 7.72 (d, J = 8.2 
Hz, 1H), 7.59 (d, J = 7.3 Hz, 1H), 7.55–7.48 (m, 2H), 7.45–7.39 (m, 1H), 
7.31–7.19 (m, 5H), 3.36 (s, 2H), 3.33 (t, J = 6.5 Hz, 2H), 2.92 (t, J = 6.5 
Hz, 2H), 2.41 (d, J = 59.1 Hz, 8H). 13C NMR (100 MHz, Chloroform-d) δ 
137.62, 134.52, 131.86, 129.24, 128.77, 128.65, 128.35, 127.29, 
126.79, 126.70, 126.54, 125.75, 122.06, 120.87, 62.82, 53.06, 52.71, 
52.67, 48.94 ppm. MS (ESI, m/z): 410.2[M+H]+. 

4.1.61. N-(naphthalen-1-yl)-2-(4-(3-nitrobenzyl)piperazin-1-yl)ethane-1- 
sulfonamide (10n) 

Yellow solid in 48.65% yield; mp 105.1–106.8 ◦C; 1H NMR (400 
MHz, Chloroform-d) δ 8.15–8.04 (m, 3H), 7.88 (dd, J = 6.7, 2.4 Hz, 1H), 
7.74 (d, J = 8.3 Hz, 1H), 7.57 (ddt, J = 12.4, 9.8, 6.6 Hz, 4H), 7.44 (t, J =
7.8 Hz, 2H), 3.45 (s, 2H), 3.37 (t, J = 6.5 Hz, 2H), 2.96 (t, J = 6.5 Hz, 
2H), 2.43 (d, J = 69.2 Hz, 8H). 13C NMR (100 MHz, Chloroform-d) δ 
148.41, 140.40, 135.02, 134.52, 131.87, 129.27, 128.69, 126.82, 
126.73, 126.56, 125.77, 123.72, 122.36, 122.00, 120.88, 61.75, 53.01, 
52.68, 52.56, 48.96 ppm. MS (ESI, m/z): 455.2[M+H]+. 

4.1.62. N-(naphthalen-1-yl)-2-(4-(4-nitrobenzyl)piperazin-1-yl)ethane-1- 
sulfonamide (10o) 

Brown solid in 79.04% yield; mp 104.7–106.7 ◦C; 1H NMR (400 
MHz, Chloroform-d) δ 8.12 (dd, J = 9.1, 2.9 Hz, 3H), 7.87 (dd, J = 6.7, 
2.5 Hz, 1H), 7.73 (d, J = 8.2 Hz, 1H), 7.64–7.48 (m, 3H), 7.44 (d, J = 7.9 
Hz, 1H), 7.40 (d, J = 8.6 Hz, 2H), 3.44 (s, 2H), 3.36 (t, J = 6.6 Hz, 2H), 
2.94 (t, J = 6.6 Hz, 2H), 2.41 (d, J = 66.8 Hz, 8H). 13C NMR (100 MHz, 
Chloroform-d) δ 147.25, 145.92, 134.52, 131.83, 129.51, 128.72, 
128.69, 126.81, 126.77, 126.55, 125.77, 123.60, 121.98, 120.96, 61.86, 
53.02, 52.77, 52.55, 48.98 ppm. MS (ESI, m/z): 455.2[M+H]+. 

4.1.63. N-(naphthalen-1-yl)-2-(4-(4-nitrophenyl)piperazin-1-yl)ethane-1- 
sulfonamide (10p) 

Yellow solid in 29.87% yield; mp 224.8–225.1 ◦C; 1H NMR (400 
MHz, DMSO‑d6) δ 9.82 (s, 1H), 8.29 (d, J = 8.3 Hz, 1H), 8.03 (d, J = 9.4 
Hz, 2H), 7.95 (d, J = 7.8 Hz, 1H), 7.84 (d, J = 7.8 Hz, 1H), 7.54 (dq, J =
15.3, 8.2, 7.5 Hz, 4H), 6.99 (d, J = 9.4 Hz, 2H), 3.41–3.36 (m, 7H), 
2.85–2.76 (m, 2H), 2.48 (t, J = 5.0 Hz, 3H). 13C NMR (100 MHz, 
DMSO‑d6) δ 155.14, 137.38, 134.48, 133.34, 129.79, 128.57, 126.93, 
126.84, 126.78, 126.26, 126.18, 123.79, 123.11, 113.12, 52.39, 52.00, 
49.78, 46.62 ppm. MS (ESI, m/z): 441.2[M+H]+. 

4.1.64. N-(naphthalen-1-yl)-2-(4-(pyrimidin-2-yl)piperazin-1-yl)ethane- 
1-sulfonamide (10q) 

Green solid in 89.21% yield; mp 135.1–136.4 ◦C; 1H NMR (400 MHz, 
Chloroform-d) δ 8.27 (d, J = 4.7 Hz, 2H), 8.10 (d, J = 8.2 Hz, 1H), 7.86 
(d, J = 7.8 Hz, 1H), 7.74 (d, J = 8.2 Hz, 1H), 7.63 (d, J = 7.3 Hz, 1H), 
7.59–7.40 (m, 3H), 6.47 (t, J = 4.8 Hz, 1H), 3.69 (t, J = 5.1 Hz, 4H), 3.40 
(t, J = 6.7 Hz, 2H), 2.96 (t, J = 6.7 Hz, 2H), 2.53–2.45 (m, 4H). 13C NMR 
(100 MHz, Chloroform-d) δ 161.48, 157.77, 134.48, 131.74, 128.78, 
128.69, 126.97, 126.92, 126.58, 125.74, 121.81, 121.42, 110.19, 52.91, 
52.60, 49.17, 43.38 ppm. MS (ESI, m/z): 398.2[M+H]+. 

4.1.65. 2-(4-(4-methoxybenzyl)piperazin-1-yl)-N-(naphthalen-1-yl) 
ethane-1-sulfonamide (10r) 

Brown gum in 77.21% yield; 1H NMR (400 MHz, DMSO‑d6) δ 9.75 (s, 
1H), 8.27 (d, J = 7.8 Hz, 1H), 7.95 (d, J = 7.5 Hz, 1H), 7.82 (d, J = 7.0 
Hz, 1H), 7.61–7.45 (m, 4H), 7.15 (d, J = 8.4 Hz, 2H), 6.85 (d, J = 8.3 Hz, 

P. Chen et al.                                                                                                                                                                                                                                    



European Journal of Medicinal Chemistry 259 (2023) 115706

14

2H), 3.72 (s, 3H), 3.27 (d, J = 7.5 Hz, 2H), 2.75–2.68 (m, 2H), 2.29 (d, J 
= 33.0 Hz, 8H). 13C NMR (100 MHz, Chloroform-d) δ 158.89, 134.51, 
131.96, 130.51, 129.54, 128.89, 128.61, 126.81, 126.77, 126.54, 
125.77, 122.22, 121.25, 113.71, 62.18, 55.35, 55.32, 52.93, 52.53, 
52.47, 49.03 ppm. MS (ESI, m/z): 440.2[M+H]+. 

4.1.66. N-(5-((4-(2-(N-(naphthalen-1-yl)sulfamoyl)ethyl)piperazin-1-yl) 
methyl)thiazol-2-yl)acetamide (10s) 

Brown solid in 3.55% yield; 1H NMR (400 MHz, Chloroform-d) δ 
12.19 (d, J = 8.3 Hz, 1H), 11.86 (d, J = 7.5 Hz, 1H), 11.74 (d, J = 8.3 Hz, 
1H), 11.58–11.46 (m, 3H), 11.45–11.39 (m, 1H), 11.15 (s, 1H), 9.42 (s, 
3H), 7.35–7.28 (m, 3H), 6.84–6.76 (m, 2H), 6.61 (s, 2H), 6.39 (s, 8H). 
13C NMR (100 MHz, DMSO‑d6) δ 168.69, 158.38, 136.25, 134.47, 
133.26, 129.81, 128.56, 126.96, 126.77, 126.23, 123.79, 123.15, 53.83, 
52.77, 52.42, 52.05, 49.74, 22.93 ppm. MS (ESI, m/z): 474.2[M+H]+. 

4.1.67. 2-(4-benzylpiperazin-1-yl)-N-(quinolin-6-yl)ethane-1-sulfonamide 
(10t) 

Brown gum in 63.78% yield; 1H NMR (400 MHz, Chloroform-d) δ 
8.84 (d, J = 3.9 Hz, 1H), 8.07 (dd, J = 11.9, 8.5 Hz, 2H), 7.74 (d, J = 2.5 
Hz, 1H), 7.46 (dd, J = 9.0, 2.5 Hz, 1H), 7.39 (dd, J = 8.3, 4.3 Hz, 1H), 
7.34–7.21 (m, 5H), 4.85–4.38 (m, 2H), 3.51 (s, 2H), 3.32 (t, J = 6.4 Hz, 
2H), 2.93 (t, J = 6.4 Hz, 2H), 2.49 (d, J = 17.1 Hz, 8H). 13C NMR (100 
MHz, Chloroform-d) δ 149.63, 145.50, 137.37, 135.83, 135.48, 130.87, 
129.30, 128.92, 128.36, 127.35, 123.85, 121.96, 115.85, 62.82, 52.95, 
52.73, 52.41, 48.63 ppm. MS (ESI, m/z): 411.2[M+H]+. 

4.1.68. 2-(4-(3-nitrobenzyl)piperazin-1-yl)-N-(quinolin-6-yl)ethane-1- 
sulfonamide (10u) 

Brown solid in 71.07% yield; mp 99.9–101.9 ◦C; 1H NMR (400 MHz, 
Chloroform-d) δ 8.84 (dd, J = 4.3, 1.7 Hz, 1H), 8.16 (t, J = 2.0 Hz, 1H), 
8.12–8.04 (m, 3H), 7.76 (d, J = 2.5 Hz, 1H), 7.62 (d, J = 7.6 Hz, 1H), 
7.54 (dd, J = 9.0, 2.5 Hz, 1H), 7.46 (t, J = 7.9 Hz, 1H), 7.40 (dd, J = 8.3, 
4.2 Hz, 1H), 3.71 (s, 1H), 3.55 (s, 2H), 3.37 (t, J = 6.7 Hz, 2H), 2.95 (q, J 
= 6.7, 5.7 Hz, 2H), 2.47 (d, J = 19.6 Hz, 8H). 13C NMR (100 MHz, 
Chloroform-d) δ 149.83, 148.48, 145.69, 140.31, 135.73, 135.20, 
134.99, 131.08, 129.33, 128.91, 123.74, 123.71, 122.44, 122.03, 
115.97, 61.82, 53.04, 52.90, 52.59, 48.53 ppm. MS (ESI, m/z): 456.2 
[M+H]+. 

4.1.69. 2-(4-(4-nitrobenzyl)piperazin-1-yl)-N-(quinolin-6-yl)ethane-1- 
sulfonamide (10v) 

Brown solid in quantitive yield; mp 113.4–115.3 ◦C; 1H NMR (400 
MHz, Chloroform-d) δ 8.87 (dd, J = 4.2, 1.7 Hz, 1H), 8.22–8.14 (m, 2H), 
8.14–8.05 (m, 2H), 7.75 (d, J = 2.5 Hz, 1H), 7.53–7.48 (m, 2H), 7.46 
(dd, J = 9.0, 2.5 Hz, 1H), 7.42 (dd, J = 8.3, 4.2 Hz, 1H), 3.61 (s, 2H), 
3.32 (t, J = 6.2 Hz, 2H), 2.97 (t, J = 6.2 Hz, 2H), 2.54 (d, J = 22.6 Hz, 
8H). 13C NMR (100 MHz, Chloroform-d) δ 149.88, 147.33, 145.81, 
135.70, 135.14, 131.12, 129.50, 128.91, 123.74, 123.68, 122.04, 
116.02, 61.95, 53.08, 53.01, 52.63, 48.51 ppm. MS (ESI, m/z): 456.2 
[M+H]+. 

4.1.70. 2-(4-(4-nitrophenyl)piperazin-1-yl)-N-(quinolin-6-yl)ethane-1- 
sulfonamide (10w) 

Brown solid in 90.42% yield; mp 207.6–208.5 ◦C; 1H NMR (400 
MHz, DMSO‑d6) δ 10.51–9.90 (m, 1H), 8.79 (d, J = 5.4 Hz, 1H), 8.30 (d, 
J = 7.8 Hz, 1H), 8.00 (t, J = 9.8 Hz, 3H), 7.74 (d, J = 2.7 Hz, 1H), 7.62 
(dd, J = 8.8, 2.5 Hz, 1H), 7.49 (dd, J = 8.3, 4.2 Hz, 1H), 6.96 (d, J = 9.4 
Hz, 2H), 3.45 (t, J = 7.1 Hz, 2H), 3.30 (t, J = 5.1 Hz, 5H), 2.78 (t, J = 7.1 
Hz, 2H), 2.44 (t, J = 5.1 Hz, 4H). 13C NMR (100 MHz, DMSO‑d6) δ 
155.10, 149.76, 145.26, 137.36, 136.95, 135.92, 130.77, 128.95, 
126.17, 123.82, 122.46, 114.72, 113.09, 52.36, 52.02, 48.62, 46.56 
ppm. MS (ESI, m/z): 442.2[M+H]+. 

4.1.71. 2-(4-(pyrimidin-2-yl)piperazin-1-yl)-N-(quinolin-6-yl)ethane-1- 
sulfonamide (10x) 

Yellow gum in quantitive yield; 1H NMR (400 MHz, Chloroform-d) δ 
8.85 (dd, J = 4.3, 1.7 Hz, 1H), 8.29 (d, J = 4.8 Hz, 2H), 8.09 (dd, J =
11.8, 8.9 Hz, 2H), 7.76 (d, J = 2.5 Hz, 1H), 7.54 (dd, J = 9.0, 2.5 Hz, 
1H), 7.40 (dd, J = 8.3, 4.2 Hz, 1H), 6.50 (t, J = 4.8 Hz, 1H), 3.80 (t, J =
5.1 Hz, 4H), 3.40 (t, J = 6.6 Hz, 2H), 2.96 (t, J = 6.6 Hz, 2H), 2.51 (t, J =
5.1 Hz, 4H). 13C NMR (100 MHz, Chloroform-d) δ 161.46, 157.78, 
149.68, 145.48, 135.86, 135.44, 130.94, 128.93, 123.70, 122.02, 
115.73, 110.27, 52.94, 52.54, 48.67, 43.46 ppm. MS (ESI, m/z): 399.2 
[M+H]+. 

4.1.72. 2-(4-(4-methoxybenzyl)piperazin-1-yl)-N-(quinolin-6-yl)ethane-1- 
sulfonamide (10y) 

Brown gum in 73.06% yield; 1H NMR (400 MHz, Chloroform-d) δ 
8.86 (dd, J = 4.2, 1.7 Hz, 1H), 8.13–8.03 (m, 2H), 7.73 (d, J = 2.5 Hz, 
1H), 7.43 (ddd, J = 18.5, 8.6, 3.4 Hz, 2H), 7.25–7.17 (m, 2H), 6.91–6.82 
(m, 2H), 3.80 (s, 3H), 3.50 (s, 2H), 3.30 (t, J = 6.2 Hz, 2H), 2.96 (t, J =
6.2 Hz, 2H), 2.54 (d, J = 23.6 Hz, 8H). 13C NMR (100 MHz, Chloroform- 
d) δ 158.91, 149.60, 145.51, 135.80, 135.55, 130.84, 130.52, 129.29, 
128.91, 123.84, 121.93, 115.78, 113.72, 62.17, 55.31, 52.90, 52.60, 
52.36, 48.60 ppm. MS (ESI, m/z): 441.2[M+H]+. 

4.1.73. General preparation of compound 11a-11g 
Intermediate compound 7k was dissolved in acetonitrile at 85 ◦C. 

Then potassium carbonate, potassium iodine, and different piperazines 
were added and reflux was performed overnight. After reaction 
completion, the solution was vacuumed to remove acetonitrile and 
water was added, followed by extraction with DCM. The products were 
then purified by flash column (DCM: MeOH = 20: 1) to obtain the 
desired compounds. 

4.1.74. 4-(4-benzylpiperazin-1-yl)-3-nitro-N-(pyridin-2-ylmethyl) 
benzenesulfonamide (11a) 

Orange gum in 69.40% yield; 1H NMR (400 MHz, Chloroform-d) δ 
8.43 (s, 1H), 8.16 (s, 1H), 7.80 (d, J = 8.9 Hz, 1H), 7.60 (s, 1H), 7.32 (s, 
4H), 7.28 (d, J = 7.0 Hz, 1H), 7.19–7.10 (m, 2H), 7.02 (d, J = 8.8 Hz, 
1H), 6.34 (s, 1H), 4.28 (s, 2H), 3.56 (s, 2H), 3.15 (d, J = 5.3 Hz, 4H), 
2.58 (s, 4H). 13C NMR (100 MHz, Chloroform-d) δ 154.52, 149.07, 
148.07, 139.47, 137.55, 136.85, 131.75, 130.23, 129.15, 128.35, 
127.32, 126.51, 122.72, 122.10, 119.97, 62.83, 52.46, 50.68, 47.41 
ppm. MS (ESI, m/z): 468.2[M+H]+. 

4.1.75. 3-nitro-4-(4-(3-nitrobenzyl)piperazin-1-yl)-N-(pyridin-2-ylmethyl) 
benzenesulfonamide (11b) 

Orange solid in 40.41% yield; mp 90.2–90.8 ◦C; 1H NMR (400 MHz, 
Chloroform-d) δ 8.44 (s, 1H), 8.22 (d, J = 20.7 Hz, 2H), 8.14 (d, J = 8.3 
Hz, 1H), 7.84 (d, J = 8.8 Hz, 1H), 7.67 (d, J = 7.7 Hz, 1H), 7.65–7.57 (m, 
1H), 7.51 (s, 1H), 7.16 (d, J = 7.9 Hz, 2H), 7.04 (d, J = 8.8 Hz, 1H), 6.12 
(s, 1H), 4.29 (s, 2H), 3.66 (s, 2H), 3.18 (s, 4H), 2.62 (s, 4H). 13C NMR 
(100 MHz, Chloroform-d) δ 154.40, 149.07, 148.48, 148.03, 140.18, 
139.71, 136.89, 134.95, 131.84, 130.66, 129.33, 126.45, 123.69, 
122.76, 122.46, 122.10, 120.12, 61.77, 52.49, 50.67, 47.38 ppm. HRMS 
(ESI, m/z): calcd. for C23H25N6O6S[M+H]+, 513.1556; found, 
513.1545. 

4.1.76. 3-nitro-4-(4-(4-nitrobenzyl)piperazin-1-yl)-N-(pyridin-2-ylmethyl) 
benzenesulfonamide (11c) 

Orange solid in 91.82% yield; mp 89.9–90.2 ◦C; 1H NMR (400 MHz, 
Chloroform-d) δ 8.43 (d, J = 4.9 Hz, 1H), 8.23–8.15 (m, 3H), 7.83 (dd, J 
= 8.9, 2.3 Hz, 1H), 7.61 (t, J = 7.6 Hz, 1H), 7.53 (d, J = 8.4 Hz, 2H), 7.16 
(dd, J = 14.1, 8.0 Hz, 2H), 7.04 (d, J = 8.8 Hz, 1H), 6.29 (d, J = 6.2 Hz, 
1H), 4.28 (d, J = 2.8 Hz, 2H), 3.67 (s, 2H), 3.21–3.14 (m, 4H), 2.64–2.57 
(m, 4H). 13C NMR (100 MHz, Chloroform-d) δ 154.56, 149.06, 147.99, 
147.27, 145.71, 139.59, 136.94, 131.82, 130.66, 129.51, 126.40, 
123.61, 122.76, 122.22, 120.18, 61.85, 52.55, 50.66, 47.46 ppm. HRMS 
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(ESI, m/z): calcd. for C23H25N6O6S[M+H]+, 513.1556; found, 
513.1545. 

4.1.77. 3-nitro-4-(4-(4-nitrophenyl)piperazin-1-yl)-N-(pyridin-2- 
ylmethyl)benzenesulfonamide (11d) 

Yellow solid in 95.72% yield; mp 129.7–130.9 ◦C; 1H NMR (400 
MHz, DMSO‑d6) δ 8.39 (d, J = 4.8 Hz, 1H), 8.35 (s, 1H), 8.10 (dd, J =
5.9, 3.4 Hz, 3H), 7.82 (dd, J = 8.9, 2.3 Hz, 1H), 7.34 (dd, J = 21.0, 8.4 
Hz, 2H), 7.20 (dd, J = 7.5, 4.9 Hz, 1H), 7.00 (d, J = 9.3 Hz, 2H), 4.13 (s, 
2H), 3.68 (dd, J = 6.9, 3.7 Hz, 4H), 3.40 (dd, J = 6.7, 3.8 Hz, 4H). 13C 
NMR (100 MHz, Chloroform-d) δ 154.28, 154.22, 148.99, 147.61, 
139.55, 139.08, 137.18, 132.07, 131.23, 126.66, 126.08, 122.95, 
122.26, 119.64, 112.68, 49.81, 47.31, 46.42 ppm. MS (ESI, m/z): 499.1 
[M+H]+. 

4.1.78. 3-nitro-N-(pyridin-2-ylmethyl)-4-(4-(pyrimidin-2-yl)piperazin-1- 
yl)benzenesulfonamide (11e) 

Orange solid in 70.51% yield; mp 169.0–169.9 ◦C; 1H NMR (400 
MHz, DMSO‑d6) δ 8.41 (d, J = 4.7 Hz, 2H), 8.38 (dt, J = 5.8, 3.0 Hz, 2H), 
8.09 (d, J = 2.3 Hz, 1H), 7.81 (dd, J = 8.9, 2.3 Hz, 1H), 7.68 (td, J = 7.7, 
1.8 Hz, 1H), 7.38 (d, J = 9.0 Hz, 1H), 7.31 (d, J = 7.8 Hz, 1H), 7.20 (dd, J 
= 7.6, 4.8 Hz, 1H), 6.69 (t, J = 4.7 Hz, 1H), 4.14 (s, 2H), 3.91–3.84 (m, 
4H), 3.29–3.21 (m, 4H). 13C NMR (100 MHz, Chloroform-d) δ 161.49, 
157.88, 154.49, 149.05, 148.20, 139.48, 137.09, 131.93, 130.70, 
126.67, 122.87, 122.29, 119.97, 110.61, 50.41, 47.42, 43.21 ppm. MS 
(ESI, m/z): 456.2[M+H]+. 

4.1.79. 4-(4-(4-methoxybenzyl)piperazin-1-yl)-3-nitro-N-(pyridin-2- 
ylmethyl)benzenesulfonamide(11f) 

Orange gum in 58.62% yield; 1H NMR (400 MHz, Chloroform-d) δ 
8.47–8.40 (m, 1H), 8.18 (d, J = 2.3 Hz, 1H), 7.81 (dd, J = 8.8, 2.3 Hz, 
1H), 7.60 (td, J = 7.7, 1.8 Hz, 1H), 7.23 (d, J = 8.4 Hz, 4H), 7.14 (t, J =
7.0 Hz, 2H), 7.02 (d, J = 8.9 Hz, 1H), 6.91–6.83 (m, 2H), 5.99 (t, J = 5.3 
Hz, 1H), 4.28 (d, J = 5.1 Hz, 2H), 3.81 (s, 3H), 3.50 (s, 2H), 3.19–3.11 
(m, 4H), 2.60–2.52 (m, 4H). 13C NMR (100 MHz, Chloroform-d) δ 
158.90, 154.50, 149.07, 148.06, 139.40, 136.87, 131.74, 130.35, 
130.17, 129.48, 126.49, 122.73, 122.14, 119.98, 113.71, 62.19, 55.27, 
52.33, 50.66, 47.42 ppm. MS (ESI, m/z): 498.2[M+H]+. 

4.1.80. N-(5-((4-(2-nitro-4-(N-(pyridin-2-ylmethyl)sulfamoyl)phenyl) 
piperazin-1-yl)methyl)thiazol-2-yl)acetamide (11g) 

Yellow solid in 13.93% yield; mp 212.9–213.9 ◦C; 1H NMR (400 
MHz, DMSO‑d6) δ 11.99 (s, 1H), 8.39–8.30 (m, 2H), 8.03 (d, J = 2.3 Hz, 
1H), 7.77 (dd, J = 8.9, 2.3 Hz, 1H), 7.67 (td, J = 7.7, 1.8 Hz, 1H), 
7.34–7.27 (m, 3H), 7.19 (dd, J = 7.6, 4.9 Hz, 1H), 4.12 (d, J = 5.8 Hz, 
2H), 3.71 (s, 2H), 3.13 (t, J = 4.7 Hz, 4H), 2.52 (s, 4H), 2.12 (s, 3H). 13C 
NMR (100 MHz, DMSO‑d6) δ 168.72, 157.10, 149.24, 137.09, 136.62, 
131.97, 128.33, 125.93, 122.90, 122.36, 121.44, 53.72, 52.15, 50.74, 
48.47, 22.94 ppm. MS (ESI, m/z): 532.2[M+H]+. 

4.2. Cells and biological reagents 

Mouse IL-6 and TNF-α ELISA kits were obtained from eBioscience 
Inc. (San Diego, CA, USA). Lipopolysaccharide (LPS) was purchased 
from Sigma-Aldrich (St Louis, MO, USA). J774A.1 cells were obtained 
from ATCC Inc. and cultured in Dulbecco’s modified Eagle’s medium 
(DMEM) media (Gibco, Eggenstein, Germany) supplemented with 10% 
fetal bovine serum (FBS, Hyclone, Logan, UT), 100 mU/mL penicillin, 
and 100 mg/mL streptomycin. Cells were incubated at 37 ◦C under a 5% 
CO2 atmosphere. The compounds were added to the culture medium in 
DMSO solution with the final 0.1% concentration of DMSO. 

4.3. Detection of TNF-a and IL-6 secretion 

TNF-α and IL-6 concentrations in culture media or animal samples 
were determined by ELISA according to the manufacturer’s instructions 

(Bioscience, San Diego, CA). The amount of TNF-α or IL-6 was normal
ized to the protein concentration of each sample. 

4.4. Assessment of cytotoxicity of designed compounds 

To assess the safety of compounds, they were tested for their cyto
toxicity in the J774A.1 cell line by MTT assay at a concentration of 10 
μM. After 24 h, the cells’ survival rates were measured in relation to the 
chemicals that had been administered. 

4.5. Western blotting 

J774A.1 macrophages were treated with different concentrations of 
11d or vehicle for 2 h. After being challenged with 0.5 μg/mL LPS for 15 
min, cells were collected and lysed with RIPA lysis buffer containing 
protease and phosphatase inhibitor. Total protein samples were sepa
rated by 12% SDS-PAGE and electro-transferred to a 0.45 nm PVDF 
membrane. Membranes were blocked with 3% BSA in TBST buffer for 1 
h at room temperature. Each membrane was incubated with specific 
primary antibodies against p-p65 (Cell Signaling #3033), Histone H3 
(Proteintech #17168-1-AP), IκB-α (Cell Signaling #4812), and GAPDH 
(Cell Signaling #5174) at 4 ◦C for 16 h. Immunoreactive bands were 
then incubated with secondary horseradish peroxidase-conjugated 
(HRP) antibodies for 1 h at room temperature. The HRP signal was 
detected using an enhanced chemiluminescence reagent. The density of 
the immunoreactive bands was analyzed using ImageJ software (NIH, 
Bethesda, MD, USA). 

4.6. Immunofluorescence 

J774A.1 cells were cultured in the glass coverslips in 6-well plates. 
Macrophages were treated with or without 11d for 2 h and then chal
lenged with 0.5 μg/mL LPS for 15 min. The coverslips were fixed with 
4% paraformaldehyde, following permeabilized with 0.1% Triton X-100 
and blocked with 3% BSA in PBST buffer for 30 min. The cells were then 
incubated sequentially with a p65 (Cell Signaling #8242) antibody 
overnight at 4 ◦C. FITC-labeled secondary antibody was incubated with 
cells for 3 h at room temperature. The nucleus was stained with the DAPI 
and cell images were obtained using a ZEISS Axio Vert.A1 microscope. 

4.7. LPS-induced model of acute lung injury 

Male C57BL/6 mice weighing 18–22 g were purchased from the 
Animal Center of Wenzhou Medical University (Wenzhou, China). Mice 
were acclimatized at a constant room temperature with a 12:12 h light- 
dark cycle and provided with standard chow and water. The mice used 
in this study were treated following the Guide for Care and Use of 
Laboratory Animals of the National Institutes of Health. The animals 
were adapted to the laboratory environment for 7 days before initiating 
studies. The present study was approved by Wenzhou Medical College 
Animal Policy and Welfare Committee. 

Mice were randomly divided into three groups: (1) control (n = 8); 
(2) LPS (n = 8); (3) LPS+11d (n = 8). Mice were treated by intragastric 
administration with 11d compounds, at a dose of 20 mg/kg, 30 min 
before being challenged with LPS intratracheally (5 mg/kg). Control 
animals received 0.9% saline (NaCl). After 6 h of the LPS challenge, mice 
were euthanized with ketamine.BALF, blood, and lung tissues were 
collected for subsequent analysis. 

4.8. Lung wet/dry (W/D) ratios 

Pulmonary edema was evaluated by the lung wet/dry weight ratio. 
The middle lobe of the right lung tissue was collected, and the wet 
weight was documented. Then, lung tissues were heated in a constant 
thermostatic oven at 65 ◦C for 72 h and the dry weight was recorded. 
The ratio of wet/dry lung weight was reported. 
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4.9. BALF analysis 

The collected BALF samples were centrifuged at 1000 rpm for 10 min 
at 4 ◦C, supernatant was collected and used for protein concentration 
detection and determination of cytokine levels. The cell pellet was re- 
suspended in 50 μL of PBS and the total number of cells in BALF was 
counted. 

4.10. Histopathologic examination of tissues 

The superior lobe of the right lung tissues was fixed in a 4% para
formaldehyde solution, embedded in paraffin, and sectioned in 5 μm 
slices. After dehydration, sections were stained with hematoxylin and 
eosin (H&E) using a standard protocol and observed with a Nikon 
Eclipse E800 microscope (Nikon, Tokyo, Japan). 

4.11. Real-time quantitative PCR 

The total RNA of cells and lung tissue were isolated using an RNA 
extraction kit (Invitrogen, Carlsbad, CA) according to the instruction 
given by the manufacturer. The reverse transcription and quantitative 
PCR were performed via a two-step M-MLV Platinum SYBR Green PCR 
SuperMix-UDG kit (Invitrogen, Carlsbad, CA). An Eppendorf Master
cycler ep realplex detection system (Eppendorf, Hamburg, Germany) 
was used for qPCR analysis. The primers for TNF-α and IL-6 genes were 
obtained from Thermo Fisher. Transcript levels were normalized by the 
amount of β-actin. 

4.12. DSS-induced ulcerative colitis 

Male C57BL/6 mice weighing 18–22 g were purchased from the 
Animal Center of Hangzhou Medical College (Hangzhou, China). Mice 
were acclimatized at a constant room temperature with a 12:12 h light- 
dark cycle and provided with standard chow and water. The mice used 
in this study were treated following the Guide for Care and Use of 
Laboratory Animals of the National Institutes of Health. The animals 
were adapted to the laboratory environment for 7 days before initiating 
studies. The present study was approved by the Wenzhou Institute, 
University of Chinese Academy of Sciences Animal Policy and Welfare 
Committee. 

Mice were randomly divided into three groups: (1) control (n = 5); 
(2) DSS (n = 5); (3) DSS+11d (n = 5). Mice in the DSS group and 
DSS+11d group received 2.5% DSS for 7 days, the control group 
received normal water during the experiment. Mice in DSS+11d 
received 5 mg/kg 11d in a mixture of DMSO/2.5% CMC-Na solution 
every day for 10 days. At the end of the experiment, the colon and spleen 
were removed and measured, the blood was collected. 

4.13. Pharmacokinetic study 

Male SD rats weighing 180–220 g were purchased from the Animal 
Center of Hangzhou Medical College (Hangzhou, China). Rats were 
fasted overnight with free access to water and predosed blood samples 
were withdrawn. The rats used in this study were treated following the 
Guide for Care and Use of Laboratory Animals of the National Institutes 
of Health. The present study was approved by Hangzhou Medical Col
lege Animal Policy and Welfare Committee. 

Rats were randomly divided into two groups to receive intravenous 
or oral administration of 11d. The compound 11d was given to rats at a 
dose of 10 mg/kg orally or 1 mg/kg intravenously after being dissolved 
in a mixture of PEG400 and saline (50/50, v/v). After administration, 
the blood samples were collected from the caudal vein into heparinized 
centrifugation tubes at 5 min, 10 min, 15 min, 30 min, 1 h, 2 h, 3 h, 4 h, 
5 h, 6 h, 8 h, 10 h, 12 h, and 24 h after dosing, and the blood samples of 
the oral administration rats were collected at 15 min, 30 min, 1 h, 2 h, 3 
h, 4 h, 5 h, 6 h, 8 h, 10 h, 12 h, and 24 h after dosing (200 μL of blood 

each time). After centrifuging the tubes at 3000 rpm for 10 min at 4 ◦C to 
separate the plasma and stored at − 20 ◦C in the freezer. Subsequently, 
200 μL of an internal standard in acetonitrile was added to 40 μL of the 
plasma in order to extract the compound. Following 10 min of vortex 
mixing, the mixture was centrifuged at 8000 rpm for the same amount of 
time. The concentration of each animal was calculated using the LC-MS/ 
MS Triple Quad 6500 plus system (SCIEX, USA). The PK solver software 
was used to determine the pharmacokinetic parameters. 

4.14. Statistical analysis 

The differences between different groups were analyzed by the stu
dent’s t-test or ANOVA multiple comparisons in GraphPad Prism 6.0 
(GraphPad, San Diego, CA). Data are expressed as the mean ± standard 
error of three independent experiments. p < 0.05 was considered sig
nificant (*), and p < 0.01 was considered very significant (**). 
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