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A B S T R A C T   

The Ca2+/calmodulin-mediated phosphatase activity of calcineurin (CN) integrates calcium-mediated signaling 
with gene expression programs involved in the control of essential cellular processes in health and disease, such 
as the immune response and the pathogenesis of cancer progression and metastasis. In addition, CN is the target 
of the immunosuppressive drugs cyclosporine A (CsA) and FK-506 which are the cornerstone of immunosup
pressant therapy. Unfortunately, long-term administration of these drugs results in severe side effects. Herein, we 
describe the design, synthesis and evaluation of new synthetic compounds that are capable of inhibiting NFATc 
activity in a dose-dependent manner, without interfering on CN phosphatase activity. These compounds were 
designed using the structure-based pharmacophore model of a peptide-derived PxIxIT sequence binding to cal
cineurin A subunit. Moreover, these compounds inhibit NFATc-dependent cytokine gene expression, secretion 
and proliferation of human T CD4+ cells. More importantly, compound 5a reduces tumor weight and shows a 
tendency to reduce tumor angiogenesis in an orthotopic immunocompetent mouse model of triple negative 
breast cancer, suggesting that 5a has tumor suppressor activity. These findings validate compound 5a as an agent 
with therapeutic activity against CN-NFATc and highlight its potential as a tool for drug development with 
therapeutic purposes.   

1. Introduction 

Calcineurin (CN) or protein phosphatase 3 (PPP3, formerly PP2B) is 
highly conserved in eukaryotic cells and ubiquitously expressed, and the 
only Ca2+-calmodulin-regulated serine/threonine protein phosphatase 
[1,2]. CN functions as a heterodimer that consists of a 
calmodulin-binding catalytic subunit A, CNA, and a Ca2+ binding reg
ulatory subunit B, CNB. Intracellular increase of Ca2+ activates CN 
which dephosphorylates fourteen residues of the transcription factor 

family Nuclear Factor of Activated T-cells 1 to 4 (NFATc1 to NFATc4, 
hereafter referred as NFATc) inducing nuclear translocation, where they 
bind to DNA and activate the transcription of many genes. Therefore, 
CN-NFATc signaling integrates calcium signaling with gene expression 
programs to allow control of essential cellular processes in health and 
disease such as the immune response and the pathogenesis of cancer and 
metastasis [3–7]. 

Two short linear motifs (SLiMs) of NFATcs, the PxIxIT and the 
πΦLxVP (where π corresponds to polar and Φ to hydrophobic amino acid 
residues; hereafter referred as LxVP), are involved in CN binding and cell 
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signaling [8,9]. Protein chemistry and X-ray crystallography established 
that the NFATc PxIxIT sequence, which is the main anchoring sequence 
to CNA, aligns along the β-strand 14 extending the CNAβ sheet where it 
is located [10,11]. As to the NFATc LxVP motif, it binds at the CNA/CNB 
interface, and it has been suggested to be involved in proper positioning 
of NFATc phosphosites to the active site of CNA [8,12]. 

CN recognizes and binds regulators, substrates or scaffolding pro
teins that include both PxIxIT and/or LxVP motifs [6–8,13,14]. 
Protein-derived SLiMs motifs from modulators of CN compete with the 
SLiMs peptide sequences on NFATcs for binding to CN and by these 
means they interfere with NFATc cell signaling [6]. Structural analysis 
of protein modulators, substrates and scaffold proteins binding to CN 
showed that both short degenerate PxIxIT and LxVP SLiMs bind in 
intrinsically disordered proteins/regions at the corresponding PxIxIT- 
and LxVP- binding pockets in CN. Interestingly, the same NFATc PxIxIT 
binding structure of adding a ß strand to the edge of a ß sheet of CNA was 
described in several CN modulators such as for the PKIIIT from the Af
rican swine fever virus protein A238L [12], the IAIIIT from the A-kinase 
anchoring protein 5 of 79 kD (AKAP79) protein [15], and the PSVVVH 
from RCAN1 protein [16]. Remarkably, these protein-derived PxIxIT 
peptides when bound to CN do not affect either substrate binding to CN 
or overall CN phosphatase activity [17,18], which highlights the ther
apeutic importance of these peptides and of the CN PxIxIT binding –site 
pocket as a target to regulate CN-NFATc signaling in disease. 

The relevance of NFATcs cell signaling is also highlighted by the fact 
that the immunosuppressant drugs cyclosporine A (CsA) and FK506 
(tacrolimus), in complex with intracellular immunophilins, bind to CN 
at the same CN-binding LxVP pocket, blocking access and binding to the 
CN active site for all substrates, and sterically hindering the phosphatase 
activity of CN [12,19–22]. Both drugs are nowadays the cornerstone of 
the immunosuppressant therapy. Unfortunately, long-term administra
tion of these drugs provokes severe side effects such as neurotoxicity, 
renal dysfunction, hypertension and diabetes [23,24]. Therefore, there 
is an unmet medical need to identify new immunosuppressant mole
cules, alternative to CsA and FK506, which selectively inhibit CN-NFATc 
signaling without affecting the phosphatase activity of CN towards 
substrates. If these molecules mimicked the PxIxIT and/or the LxVP 
SLiMs function, they could be valuable novel selective pharmacological 
tools to avoid pathological aberrations resulting from the imbalance in 
the CN-NFATc pathway in pathological conditions. 

The therapeutic potential of the protein derived PxIxIT peptides is 
affected by their low bioavailability and/or limited stability that com
promises their utility in clinical therapy. In this context, taking advan
tage of the crystal structure of CN in complex with the AKAP79-derived 
peptide EPIAIIITDTE including the PxIxIT sequence IAIIIT [15], we 
previously developed a structure-based pharmacophore model with the 
aim of identifying small non-peptidic compounds that inhibit CN-NFATc 
signaling, which could act as drug candidates for immunosuppressive 

therapy [25]. From the potential candidates identified, it was found that 
four small non-peptide hit molecules (Fig. 1) strongly inhibit 
NFATc-dependent gene expression, cytokine production and prolifera
tion of activated human CD4+ T lymphocytes, uncovering their thera
peutic potential as immunosuppressive agents [25]. 

Herein, using the computationally calculated binding characteristics 
of the discovered compounds to CNA, we have designed and synthesized 
two new compounds, 5a and 5e, that are capable of inhibiting NFATc- 
dependent cytokine secretion and proliferation of human CD4+ T 
cells. We demonstrate that they have potential immunosuppressant ac
tivity and modulate in vitro and in vivo CN-NFATc signaling (vide supra). 
In addition, compound 5a reduces tumor growth and shows a tendency 
to reduce tumor angiogenesis in an orthotopic syngeneic mouse model 
of triple negative breast cancer, corroborating its tumor-suppressor 
activity. 

2. Results 

The computationally calculated binding characteristics of the com
pounds to CN found in our previous study [25] show that a common 
feature of these compounds is the sulfone-aromatic-carbonyl groups 
which mimic the interactions of PxIxIT peptides with the β-sheet of CNA, 
in an area which can be compartmentalized in three parts, hydrophobic 
1 (HYD1), hydrophobic 2 (HYD2) and polar (POL) (Fig. 2A-B). In 
particular, the two sulfone oxygens interact with CNA by forming two 
hydrogen bonds with the N330 side chain and Q333 main chain NH 
hydrogens (Fig. 2A-B, HYD1 and HYD2) in an area of the binding site 
characterized by polar interactions (Fig. 2A-B, POL). Furthermore, 
HYD1 can be attributed to the hydrophobic interactions between ligand 
and I331 and Y288, and HYD2 to the remainder of the greater hydro
phobic pocket, formed by M329, F299, P300 and M290. The common 
carbonyl group of compounds 1–4 was proposed to interact with the 
main chain NH of I331 in HYD1. 

The strategy to design new CN-NFATc inhibitors was either to 
eliminate functional groups not relevant to the initial proposed inter
action patterns, or to switch functional groups to produce higher affinity 
compounds without losing any of the important interactions of the hit 
compounds. Considering the interactions of compound 3 (Fig. 2A), the 
set of compounds 5a-e was designed on the basis of first modifying the 2- 
methylindoline group scaffold by removing 3 carbon atoms from the 
methylpyrrolidine, thus, switching to an aniline moiety. This would 
simplify the molecule scaffold while retaining the crucial interactions, 
namely aromaticity in HYD1 and the carbonyl hydrogen bond with the 
main chain NH of I331. Second, eliminating the isopropyl benzene, 
which has no apparent interactions and is facing towards the solvent, 
and third, replacing the methoxybenzene with 5 different cyclic or 
bicyclic aromatic or heteroaromatic groups (a-e), to retain the aroma
ticity but adding additional hydrogen bond donors or acceptors. In the 
case of compound 4 (Fig. 2B), a similar design strategy was employed to 
design the set of compounds 6a-f. In particular, the scaffold remained 
the same benzyl and sulfone group. The chlorobenzene group and the 
attached sulfonamide amine were removed due to the lack of any 
apparent interactions with CNA, and the 2,5-dimethylthiophene was 
replaced by cyclic or bicyclic aromatic or heteroaromatic groups (a-f). 
Therefore, two small libraries of carboxamides 5a-e (from compound 3) 
and 6a-f (from compound 4) were designed as potential CN-NFATc 
signaling inhibitors (Fig. 2C). The novel compounds bear a sulfon
amide or a sulfone group at either end of the molecule and an aromatic 
moiety: indole, naphthalene, thiophene, ethylbenzene or benzothio
phene. Compounds 5a-e consisted of a methane sulfonamide linked via a 
methylphenyl tether to the different aromatic and heteroaromatic am
ides, while compounds 6a-f consisted of a methyl sulfonyl group linked 
via an N-phenylamino 2-oxoethyl tether to the different aromatic and 
heteroaromatic amides. 

Abbreviations 

CN Calcineurin 
CNA Catalytic subunit A of CN 
DIPEA N,N-Diisopropylethylamine; 
EDCI 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide; 
HATU Hexafluorophosphate Azabenzotriazole Tetramethyl 

Uronium 
HOBt Hydroxybenzotriazole 
hPMBC Human peripheral blood mononucleated cells 
IHC Immunohistochemistry 
NFATc cytosolic Nuclear Factor of Activated T Cells 
SLiM Short Linear motifs 
TNBC Triple Negative Breast Cancer  
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2.1. Chemistry 

The new set of carboxamides 5a-e was prepared by a linear sequence 
according to Scheme 1 starting from commercially available 3-nitroben
zylamine 7. Thus, the synthesis of the pivotal intermediate 9 was ach
ieved in almost quantitative yield by the reaction of mesyl chloride with 
amine 7 [26] followed by the reduction of the nitro group on sulfon
amide 8. Then, amine 9 was tethered to commercially available aro
matic and heteroaromatic carboxylic acids 10a-e using the carbodiimide 
coupling reagent EDCl⋅HCl along with HOBt and DIPEA as base [27] to 
afford the corresponding carboxamides 5a-e. 

The synthesis of carboxamides 6a-f began with commercially avail
able 3-mehylsulfonyl aniline 11 following the strategy outlined in 
Scheme 2. Accordingly, N-Boc protected glycine 12 was tethered to 
compound 11 using HATU as the coupling reagent [28] and DIPEA in 
THF leading to derivative 13 in 51% yield. Initial attempts to carry out 

the coupling reaction using the EDCl/HOBt system gave lower yields. 
Removal of the tert-butyl carbamate protection of 13 by treatment with 
TFA in DCM [29] furnished common intermediate 14, onto which the 
aromatic and heteroaromatic carboxylic acids 10a-f were introduced. 
This was performed using EDCl⋅HCl promoted amide formation under 
standard conditions to deliver the target carboxamides 6a-f. 

2.2. Newly synthesized non-peptide small molecules partially disrupt 
CNA-NFATc derived PRIEIT peptide interaction 

The synthesized compounds 5a-e and 6a-f were submitted to 
competitive binding studies to CNA with carboxyfluorescein (CF) 
labelled NFATc2-derived PRIEIT peptide (CF-PRIEIT), using fluores
cence polarization (FP) assays at 10 μM and 100 μM peptide concen
tration (Fig. 3A). The human NFATc2 derived CF-PRIEIT (amino acids 
108–119) and the RCAN3 derived CF-R3 (amino acids 191–202 

Fig. 1. Hit CN-NFATc signaling inhibitors found by virtual screening: 1, ZINC20664716; 2, ZINC7608489; 3, ZINC65003396 and 4, ZINC13038446 [25].  

Fig. 2. A: Compound 3 (ZINC65003396) depicted in orange color, docked into the PxIxIT binding pocket of CNA (grey) and breakdown of the interaction sub
pockets. POL, HYD1 and HYD 2 correspond to the three defined areas of CNA, interacting with distinct functional groups of the compound. B: Compound 4 
(ZINC13038446) in cyan color, docked into the PxIxIT binding pocket of CNA and corresponding subpockets. C: Proposed families 5a-e and 6a-f of new CN- 
NFATc inhibitors. 
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including the PxIxIT sequence PSVVVH) peptides were used as positive 
controls for the disruption of the CNA – CF-PRIEIT interaction. The R3 
peptide with three-point mutations at the PxIxIT motif, the PSVAAQ 
(CF-R3 mut) peptide, and compound 15 (Fig. 3B) were used as negative 
controls of PRIEIT displacement from CNA. The disruption of the 
interaction between CNA and the CF-NFATc2-derived PRIEIT (CF- 
PRIEIT) peptide induced by the compounds was analyzed by FP analysis. 
Compounds 5a, 5c, 5d and 5e at 100 μM, but not 5b and family 6 
compounds, partially disrupt the CNA – CF-PRIEIT interaction (Fig. 3A) 
to a similar degree as the previously described compound 4 [25], a 
potent inhibitor of NFATc activity. However, at 10 μM, only compounds 
5a and 5c partially displace the CF-PRIEIT interaction with CNA to 
different extents. 

In order to examine the interaction mechanism of these compounds, 
they were docked in the CNA - PxIxIT interaction interface. In accor
dance with the predicted binding model of compound 4, compound 5a 
demonstrated the same pattern, in which the sulfonamide oxygen and 
NH atoms form hydrogen bonds with the side chain NH of N330 and the 
carbonyl of Q333 respectively (Fig. 3C, yellow). Hydrogen bonds are 
also formed between the amide and indole NH atoms and M329 and 
N327 main chain carbonyl oxygens, respectively. As expected, the HYD1 
and HYD2 (Fig. 2A–B) subpockets are occupied by the phenyl and indole 
groups. The phenyl group forms hydrophobic interactions with I331, 
M290 and Y288 side chains in the HYD1 subpocket, while the indole 
group is placed in HYD2 interacting with F299 and M329, stabilized by 
an extra hydrogen bond with N327. Accordingly, for compound 5e, the 

sulfonamide oxygen and NH atoms form hydrogen bonds with the main 
chain NH of I331 and carbonyl of Q333, respectively, consistent with the 
notion that the sulphone group in the series interacts with either N330 
or Q333 through hydrogen bonding (Fig. 3D, blue). A hydrogen bond is 
also formed between the amide group and the M329 main chain 
carbonyl oxygen. As expected, HYD1 and HYD2 subpockets are occupied 
by the phenyl and benzothiophene group. What is observed in the case of 
5a, in contrast to the other compounds in the series, is the extra 
hydrogen bond formed by the indole group NH to N327, which may 
provide the basis for understanding its increased displacement capa
bility towards the CNA - PxIxIT binding pocket. 

2.3. Most compounds of family 5, but not compounds from family 6, 
inhibit NFATc dependent transcriptional activity without blocking 
phosphatase activity of CNA 

Potential immunosuppressant CN-NFATc signaling inhibitors should 
compete with NFATc for binding to CN without blocking its phosphatase 
activity. In this context, the phosphatase activity of CNA was assessed 
using the small molecule p-nitrophenyl phosphate (pNPP) as substrate. 
Neither compounds 5a-e nor 6a-f affect CNA phosphatase activity to
wards pNPP (Fig. 4A left and right panel, respectively). In contrast, 
ZnCl2, which was used as a positive control of inhibition of CNA phos
phatase activity, markedly inhibits the enzyme phosphatase activity. 

The ability of the family of compounds 5 and 6 to directly inhibit 
NFATc transcriptional activity was evaluated in human HEK 293T cells 

Scheme 1. Synthesis of carboxamides 5a-e.  

Scheme 2. Synthesis of carboxamides 6a-f.  
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using a luciferase gene reporter assay of the NFATc-dependent IL2 
promoter (3xNFATc-luc), the promoter activity of which is regulated by 
NFATc. As a control of internal transfection efficiency, the plasmid 
pRLnull was used, with a promoter not regulated by NFATc. Compound 
15 was used as a negative control of inhibition of the NFATc tran
scription activity. As no previous data on cell permeability or stability of 
these compounds was available, the cells were incubated with each 
compound for 2 h prior to cell stimulation with ionomycin (Io) and 
phorbol 12-myristate 13-acetate (P), Io + P stimulation for 4 h, to 
determine their effect on NFATc activity. As control for NFATc activity 
inhibition, cells were treated with CsA for 30 min before Io + P stimu
lation. Compounds 5a, 5e as well as 4 inhibit more than 80% NFATc 
activity, while compounds 5c and 5d inhibit 60–75% NFATc activity at 
50 μM compound concentration (Fig. 4B, left panel). Compounds 5b and 
6a-f (Fig. 4B, left and right panel), as the negative control compound 15, 

barely inhibit NFATc activity at the given concentrations under the 
experimental conditions used. In conclusion, compounds 5a, 5c, 5d and 
5e, like compound 4, partially displace CF-PRIEIT binding to CNA but 
strongly inhibit NFATc activity at 50 μM, without affecting the general 
phosphatase activity of CN. Next, considering that compounds 5a and 5e 
presented the highest NFATc inhibitory activity without affecting CNA 
phosphatase activity, we decided to focus on both compounds to explore 
their capability to inhibit NFATc activity in a dose-response manner. 
Dose-response assays of NFATc-dependent luciferase reporter gene 
expression were carried out as before but treating cells with increasing 
concentrations of 5a, 5e and 4 for 2 h prior to cell stimulation, followed 
by stimulation with Io + P for 4 h. All compounds except CsA and 
compound 15, used as negative controls of NFATc activation, inhibit 
NFATc activity in a dose-dependent manner for concentrations ranging 
from 0.1 μM to 50 μM (Fig. 4C). Analysis of the dose response data in a 

Fig. 3. Newly synthesized non-peptide small molecules partially disrupt CNA-NFATc derived PRIEIT peptide interaction. A: Fluorescence polarization analysis of the 
disruption of the CNA – CF-NFATc2-derived PRIEIT (CF-PRIEIT) peptide interaction induced by the compounds under study. The fluorescence polarization of the free 
CF-PRIEIT peptide was considered 100% of displacement and the binding of CNA to the CF-PRIEIT peptide in absence of any compound was considered 0% 
displacement. The human NFATc2 (UniProtKB ID: Q13469-1) derived CF-PRIEIT (amino acids 108–119) and the RCAN3 (UniProtKB ID: Q9UKA8-1) derived CF-R3 
(amino acids 191–202 including the PxIxIT sequence PSVVVH) peptides were used as positive controls for the disruption of the CNA – CF-PRIEIT interaction. The R3 
peptide with three-point mutations at the PxIxIT motif, the PSVAAQ (CF-R3 mut) peptide and compound 15 were used as negative controls of PRIEIT displacement 
from CNA. Compound displacement percentage at 10 μM and 100 μM of CF-PRIEIT peptide (5 nM) from CNA interaction (12 μM). B: Compound 15 was used as a 
negative control of CNA-NFATc disruption. C: Docked pose of 5a (yellow) in the CNA - PIxIxT binding pocket (grey). D: Docked pose of 5e (blue) to CNA (grey). 
Hydrogen bonds are highlighted in yellow dashed lines. 
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Fig. 4. Compounds 5a and 5e have the highest NFATc inhibitory activity without affecting CN phosphatase activity. A: Human recombinant CNA phosphatase 
activity towards the pNPP substrate in the presence of families 5 (left) and 6 (right). Results are shown as percentage of CNA phosphatase activity in the presence of 
50 μM of each compound relative to the CNA activity in the absence of any compound (100% value). As a positive control for CNA phosphatase activity inhibition, 1 
μM ZnCl2 was added. CNA activity in the absence of compounds is shown as a black dash (positive control of CN activity). Data is given as mean ± SD of 3 in
dependent experiments with triplicates. Statistical significance was determined with 2-way ANOVA test (***p < 0.001, *p < 0.05). B: NFATc activity in human HEK 
293T cells. The activity was analyzed using the 3xNFAT-luc reporter gene after 2 h of cell treatment with each compound (50 μM and 5 μM) prior and during cell 
stimulation with 1 μM ionomycin (Io), 2 mM CaCl2, and 20 ng/ml phorbol 12-myristate 13-acetate (P) (Io + P) for 4 h. NFATc activation achieved upon cell 
stimulation with Io + P for 4 h in the absence of any compound corresponds to the 100% value. As control for NFATc activity inhibition, cells were treated with 1 μM 
cyclosporin A (CsA) for 30 min before Io + P stimulation. Compound 15 was used as a negative control of inhibition of NFAT transcriptional activity. Luciferase 
activity was measured from crude protein extracts. Data is given as mean ± SD of 3 independent experiments with triplicates. C: On left, Dose-response assays of 
NFAT activity with 3xNFAT-luc reporter gene were performed in HEK 293T cells. Cells were treated with each compound at 0/0.1/0.5/2/5/10/20/50 μM (increasing 
concentrations of the compounds are represented in the graph from left to right) for 2 h and then were calcium stimulated with Io + P for 4 h as described in B. Values 
are given as percentage of NFATc activation in the presence of each compound relative to the 100% NFATc activity value of the positive control. Data corresponds to 
the mean ± SD of 3 independent experiments with triplicates. On right, data is represented as a dose response curve plotted in a XY dispersion graph. IC50 values 
were calculated using a non-linear regression curve (three-way) with GraphPad Prism8. 
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XY dispersion graph indicates that these compounds bind to CNA and 
are strong inhibitors of NFATc activity in the low micromolar range 
(IC50 values for 5a, 5e and 4 were 11.6, 18.7 and 4.5 μM, respectively; 
Fig. 4C right panel). 

2.4. Compound 16a partially disrupts CNA – CF-PRIET interaction and 
inhibits NFATc activity in a dose-dependent manner while compounds of 
family 17 partially disrupt CNA – CF-PRIEIT and barely inhibit NFATc 
activity 

Since only compounds of family 5 inhibit NFATc activity in a dose- 
dependent manner, to gain more insight regarding binding in
teractions and based on further modelling calculations, a novel set of 
compounds (16a and the small library of carboxamides 17c-e,g-i) was 
designed (Fig. 5). Compound 16a presents the same structure as car
boxamide 6a but bears a piperidinyl sulfonyl moiety instead of a methyl 
sulfonyl group at the west part of the molecule in an effort to increase 
hydrophobicity and aliphatic interactions towards the R332 area. The 
basic structure of the scaffold of 17 comes from compound 16a but with 
a glycine unit joined to the sulfonyl group. The carboxyl group in series 
17 was introduced to further strengthen polar interactions with either 
R332 or K100, two positively charged residues close to an extended 
polar subpocket (Fig. 2A–B) of the CN – PxIxIT peptide binding inter
face. Compounds 17c-e,g-i consisted of an N-glycidyl sulfonyl moiety 
linked via an N-m-phenylamino-2-oxoethyl tether to different aromatic 
and heteroaromatic amides (3-methylthiophene, p-ethylphenyl, 3-ben
zothiophene, 2-quinoline, benzyloxy and N-methylaniline). 

Compound 16a was prepared following the three-step synthetic 
sequence used for family 6 (Supplementary Information, Scheme S1). 
The synthesis of carboxylic acids 17 began with the reaction of glycine 
tert-butyl ester 18 with nitrobenzenesulfonyl chloride 19 to afford sul
fonamide 20 in almost quantitative yield (Scheme 3). N-Boc protection 
and subsequent nitro reduction delivered amine 22 which was coupled 
with N-benzyloxycarbonyl protected glycine 23 using EDCl⋅HCl along 
with HOBt to furnish 24 [30]. Then, hydrogenolysis led quantitatively to 
the common amine intermediate 25 which was coupled with the 
selected aromatic and heteroaromatic carboxylic acids 10c-e,h-i using 
EDCl⋅HCl again. Finally, removal of the tert-butyl esters and carbamate 
protecting groups of 26 took place in a single step by treatment with TFA 
in CH2Cl2, thus providing the target compounds 17c-e,h-i. Compound 
17g was prepared from 24 by treatment with TFA. 

The competitive binding studies between the synthesized com
pounds and CF-PRIEIT to CNA, using the R3 peptide as a positive con
trol, show that compounds 16a, 17c-e,g-i, 5a and 4 partially disrupt the 
CNA - CF-PRIEIT interaction in a fluorescence polarization assay in 
contrast to 6a and 15 (Fig. 6A and B). The effect of compounds 16a and 
17c-e,g-i on NFATc activity was also evaluated. HEK 293-T cells were 
treated with 50 and 10 μM of the given compounds and stimulated with 
Io + P. Compound 16a markedly inhibited NFATc activity at 50 μM 

similar to compound 4, however, compound family 17 inhibited NFATc 
activity much less efficiently at the same compound concentration 
(Fig. 6C). To better evaluate the effect of 16a on NFATc activity, dose- 
response assays of the 3x-NFAT-luc reporter gene, the promoter activ
ity of which is regulated by NFATc, were carried out. Compounds 5a and 
in a lesser extent 16a, but not 6a, inhibit NFATc activity efficiently in a 
dose-dependent manner for concentrations ranging from 0.1 μM to 50 
μM (Fig. 6D). These data suggest that newly synthesized compounds 16a 
and family 17c-e,g-i do not represent a substantial improvement as 
NFATc inhibitors compared to compounds of family 5. 

In order to visualize the potential elements of interaction with CNA, 
16a was also docked to CNA (Fig. 6E). Accordingly, the sulphone oxygen 
was observed to interact with Q333 via hydrogen bonding, as well as the 
amide NH atom to the M329 main chain carbonyl oxygen. The phenyl 
and indole groups occupied subpockets HYD1 and HYD2, forming hy
drophobic interactions with I331, 288 and M290, and F299 and M329, 
respectively. The lack of a sulphonamide hydrogen bond donor is 
compensated by a possible polar interaction between the piperidine 
nitrogen atom and N330. Regarding compounds of series 17, the addi
tion of a carboxyl group to act as a hinge for a salt bridge with either 
R332 or K100 did not work as expected, probably by reducing the 
general hydrophobicity of the molecules, or by not being able to form 
strong polar contacts with these positively charged residues, as the latter 
are mostly exposed to a hydrophilic environment and spatially distant 
(Supplementary Information, Fig. S1). 

2.5. Compounds 5a and 5e inhibit NFATc-dependent cytokine gene 
expression of primary human peripheral blood mononucleated cells, 
NFATc-dependent cytokine secretion and cell proliferation of activated 
human CD4+ T cells 

Once dephosphorylated, NFATcs at the nucleus bind DNA and, alone 
or in cooperation with other transcription factors, they induce the 
expression of NFATc-dependent genes, such as those encoding cytokines 
IL2 and IFNγ. In this context, the abundance of the mRNAs of these genes 
was measured in human peripheral blood mononucleated cells (hPBMC) 
treated with compounds 5a, 5e and 4 at 50, 10 and 2 μM for 2 h and then 
stimulated with Io + P for 4 h. All the tested compounds inhibit gene 
expression of IL2 and IFNγ in hPBMCs in a dose-dependent manner 
(Fig. 7A–B). Therefore, compounds 5a, 5e and 4 inhibit NFATc- 
mediated cytokine gene expression in a dose-dependent manner in 
human PBMCs. 

Since compounds 5a, 5e and 4 significantly inhibited the NFATc- 
dependent transcriptional activation of IL2 and IFNγ genes, cytokine 
protein production was next measured in activated human CD4+ T cells 
from hPBMCs Ca2+ stimulated with anti-CD3/anti-CD28 beads. Secre
tion of IL-2 protein by human CD4+ cells was markedly reduced after 5a, 
5e and 4 treatments, and in a lesser extent for IFNγ protein secretion, but 
not for the inhibitor of CN activity CsA (Fig. 7A–B). Furthermore, T cell 

Fig. 5. Second-generation of CN-NFATc inhibitors.  
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proliferation was also inhibited in a dose-dependent manner in cells 
treated with 5a, 5e and 4 (Fig. 7C). Hence, compounds 5a, 5e and 4 
inhibit NFATc-dependent cytokine secretion and human T CD4+ pro
liferation and therefore these compounds have immunosuppressant 
activity. 

2.6. Compound 5a inhibits tumor growth and shows a tendency to reduce 
tumor angiogenesis in an orthotopic syngeneic model of TNBC 

In order to assess the effect of the inhibitory compounds in an in vivo 
model, it was decided to determine whether these compounds were 
cytotoxic. In this context, several human and mouse normal and tumor 
cell lines were treated with 1 μM and 10 μM of compounds 5a, 5e and 4 
for 72 h and cell viability was assessed using the CellTiter-Glo® Lumi
nescent Cell Viability Assay (Promega). The tested compounds were not 
cytotoxic at 10 μM for any of the cell lines analyzed (Supplementary 
Information, Fig. S2). 

Taking into account NFATc activity inhibition, two of the best 
compounds, 4 and 5a, were selected to analyze their effect in in vivo 
experiments. Maximum tolerated doses (MTD) assay was performed to 
determine potential toxicity of 4 and 5a compounds in BALB/c animals. 
Animals were administered a daily dose (Monday to Friday) by intra
peritoneal injection with 50 mg/kg of each compound and killed at day 
seven. No macroscopic clinical signs of abnormal constitution, aberrant 
behavior, loss of weight or physical changes in general health conditions 
during the experiments were observed. No cytotoxic effects were 
observed at this concentration for compounds 4 and 5a therefore it was 
decided to evaluate the effect of both compounds in vivo. Previous re
sults have showed that inhibition of the CN-NFATc pathway is plausible 
for therapeutic intervention in triple negative breast cancer (TNBC), 
because of the role of this pathway in immune response, angiogenesis 

and tumor cell proliferation [4,31,32]. In addition, our group has shown 
that tumors overexpressing the RCAN3 protein or the RCAN3-derived 
R3 peptide inhibited NFATc signaling, and by these means impaired 
tumor progression and angiogenesis in a TNBC nude mice model [33]. 
Thus, the effect of both compounds 4 and 5a on tumor angiogenesis in 
an orthotopic TNBC model using immunocompetent mice was evaluated 
by injection of mouse 4T1 TNBC cells. Briefly, 5 × 105 4T1 cells were 
injected into the left inguinal gland mammary fat pad BALB/c mice. 
When tumors reached a volume >100 mm3 (at day 11 from cell injec
tion), animals were treated daily (Monday to Friday) by intraperitoneal 
injection with 50 mg/kg of compounds 4, 5a or 5 mg/kg of FK506. In
jection of 4T1 TNBC cells and intraperitoneal injection of compounds 
did not show a negative effect on body weight or general health con
ditions of mice with the exception of tumor growth. 

Tumor weight of TNBC tumors after 15 days of treatment with 4, 5a 
or FK506 show a significant decrease compared to vehicle treatment 
(Fig. 8A), which suggests that these compounds affect TNBC tumor 
progression. TNBC tumors were excised at the experiment end point, 
fixed in 4% PFA, and paraffin-embedded histological sections were 
analyzed by immunohistochemistry (IHC) analysis with the endothelial 
cell marker CD31 antibody. Tumor angiogenesis in animals treated with 
compound 5a showed a tendency to be reduced, p = 0.0721 (Fig. 8B). In 
contrast, tumor angiogenesis in animals treated with 4 was similar to 
control animals. FK506 significantly reduced tumor angiogenesis when 
compared to vehicle-treated mice (Fig. 8B). Therefore, compound 5a 
reduces tumor growth and shows a tendency to reduce tumor angio
genesis in a syngeneic orthotopic model of TNBC. 

3. Discussion 

It is well established that cellular signaling of CN-NFATc is critical in 

Scheme 3. Synthesis of compounds 17c-e,g-i.  
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the regulation of biological processes such as the immune response, 
angiogenesis, development, and growth [3–5]. Therefore, deregulation 
of this signaling pathway causes pathophysiological disorders such as 
carcinogenesis and metastasis. In cancer, the pathology is not caused by 
DNA mutations but by an increase in the abundance and/or the activity 
of the CN-NFATc signaling pathway [4]. It has been reported that pa
tient biopsies of TNBC tumors show overproduction of NFATc and/or 
over-activation of NFATc-mediated gene expression in different cellular 
programs [31,32] such as cell survival, proliferation, migration, and cell 
invasion and tumor angiogenesis [34]. Therefore, inhibition of the 
CN-NFATc pathway has been suggested as plausible for therapeutic 
intervention in cancer [32,35]. Furthermore, the discovery of the PxIxIT 
sequence of NFATcs as the main anchoring sequence for binding to CN, 

of the LxVP motif, as a substrate binding site to CN, and of both motifs as 
responsible for NFATc cellular signaling, was crucial in understanding 
the molecular mechanisms underlying pathophysiological processes 
where the CN-NFATc pathway is exacerbated, such as in TNBC. Several 
substrates, inhibitors and regulators of CN have also been described to 
exhibit PxIxIT and/or LxVP motifs, which allow them to compete with 
NFATc for binding to CN and block cellular signaling of these tran
scription factors [6,8,9]. Identifying selective CN-NFATc inhibitors that 
mimic the functional effect of these PxIxIT and LxVP SLiMs could be 
valuable as therapeutic target tools but also for mechanistically eluci
dating the involvement of this signaling pathway in TNBC development. 

Several approaches have been undertaken by several research groups 
to identify molecules that could inhibit the CN-NFATc signaling 

Fig. 6. Compound 16a partially disrupts the CNA – CF-PRIET interaction and inhibits NFATc activity in a dose-dependent manner, while family 17 partially disrupts 
CNA – CF-PRIEIT and barely inhibits NFATc activity. A and B: The disruption of the interaction between CNA and the NFATc2-derived CF-PRIEIT peptide induced by 
the synthesized compounds was analyzed by fluorescence polarization analysis as described in Fig. 3A. R3 peptide was used as a positive control for interaction 
displacement. C and D: NFATc activity analysis using the 3xNFAT-luc reporter gene in HEK 293-T cells was performed as described in Fig. 4B. Cells were treated with 
each compound at 10 μM and 50 μM on panel C and at 0/0.1/0.5/2/5/10/20/50 μM (represented from left to right on the graph) on panel D. E: Predicted 16a 
(shown in light green) – CNA (shown in grey) interaction. Hydrogen bonds are depicted in yellow dashed lines. 

A. Sánchez-Morales et al.                                                                                                                                                                                                                     



European Journal of Medicinal Chemistry 238 (2022) 114514

10

pathway as an alternative to current immunosuppressant drugs CsA and 
FK506, which unfortunately cause severe side effects after long-term 
treatment. Among the molecules identified so far, the most successful 
has been the NFATc-derived PRIEIT peptide, the sequence of which has 
been optimized to the VIVIT peptide for binding with higher affinity to 
CNA [36]. Taking this into account and based on the previously 
described small non-peptidic compounds 3 and 4 [25], we have syn
thesized and studied the functionality of several families of molecules 
which mimic the CN-binding PxIxIT sequence IAITT of the scaffold 
AKAP79 protein for binding to CN and for inhibiting CN-NFATc cell 

signaling [15]. 
The novel compounds present a sulfonamide (compounds of families 

5 and 17 and 16a), or a sulfone group (compounds of family 6) linked 
via different tethers to several aromatic and heteroaromatic amides. Our 
results show that most of the compounds in families 5 and 17 and 
compound 16a partially disrupt the interaction between CNA and the 
NFATc2-derived PRIET peptide, which is crucial for NFATc cell 
signaling. In contrast, the carboxamide compounds from family 6 do not 
compete with the CNA – CF-PRIET interaction. Moreover, most of the 
compounds from family 5 and compound 16a inhibit NFATc activity in 

Fig. 7. Compounds 5a and 5e inhibit NFATc-dependent cytokine gene expression of human PMBCs, NFATc-dependent cytokine secretion and cell proliferation of 
activated human CD4+ T cells. A: Inhibition of NFATc-dependent gene expression by the selected compounds was assessed through real time PCR for IL2 (left) and 
IFNγ (right) cytokine genes relative to the human HPRT housekeeping gene. Isolated hPMBC were treated with each compound at 50 μM, 10 μM and 2 μM for 2 h and, 
without removing it, calcium stimulated with Io + P for 4 h, as described in Fig. 4B. The ΔΔCT method was used to determine the fold change for gene expression. 
Data corresponds to the mean ± SD of 3 independent experiments with triplicates. FK506 was used as a positive control for CN activity inhibition. The unstimulated 
cells control is shown as a black dash. B: Compound inhibition of NFATc-mediated IL-2 and IFNγ secretion by activated human CD4+T cells. Cells were treated with 
each compound at 10 μM and 1 μM for 2 h and, in the presence of this, calcium stimulated by co-stimulation with anti-CD3 and anti-CD28 antibodies for 48 h. NFATc- 
dependent IL-2 and IFNγ production were assessed in cell culture media from CD4+ cells via enzyme-linked immunosorbent assay (ELISA). Data is given as mean ±
SEM. C: Inhibition of activated CD4+T cells proliferation measured at 72 h by [3H]-thymidine incorporation on DNA. 
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Ca2+ stimulated cells with a similar efficacy to compound 4. However, 
compounds of family 17 inhibit NFATc activity with much lower effi
ciency. Interestingly, compounds of family 6 failed to inhibit NFATc 
activity in Ca2+ stimulated cells. This data suggests that a sulfonamide 
group is important for NFATc inhibitory activity, while the presence of 
the glycine unit joined to the sulfonyl group on compounds 17 is 
detrimental for NFATc inhibitory activity. 

From all the synthesized compounds, carboxamides 5a, 5e and 16a 
are the most effective molecules which bind to CN and inhibit CN-NFATc 
signaling. In particular, 5a is the best compound and our docking cal
culations demonstrate that it binds to CNA in a similar manner to the 
proposed binding of compound 4, sharing all the crucial interactions as 
well as an additional potential hydrogen bond with N327. 

Ligand binding and subsequent activation of T-cell receptors (TCR) 
causes T-cell activation, CN-NFATc signaling activation, and posterior 
transcriptional induction of NFATc-dependent gene expression, fol
lowed by production of cytokines and chemokines [37,38]. Cytokines 
such as IL-2 and IFNγ are important mediators in the regulation of the 
immune response. In this context, compounds 5a and 5e impair 
NFATc-dependent gene expression in activated hPBMCs or CD4+ T cells 
as observed by a decrease of mRNA and protein levels of IL2 and IFNγ, 
and consequently, these compounds have immunosuppressant activity. 

Furthermore, compounds from family 5 do not affect the CNA enzymatic 
activity towards the pNPP substrate. Unlike these compounds, the 
immunosuppressive drugs CsA and FK506, used to avoid acute graft 
rejection, inhibit CN phosphatase activity toward all CN substrates, 
which causes severe side effects that prevent their long-term adminis
tration [23]. Therefore, our small compounds 5a and 5e that bind to 
CNA and inhibit NFATc cell signaling in activated human CD4+ lym
phocytes without affecting CN phosphatase activity are valuable tools 
for immunosuppressive therapy as they could substantially decrease 
CN-immunosuppressant side effects. 

Overexpression of the endogenous modulator RCAN3 protein and of 
the RCAN3- derived R3 peptide strongly decreases tumor growth pro
gression, angiogenesis and tumor neutrophil infiltration in an orthotopic 
model of TNBC in athymic nude mice [33]. It is well known that triple 
negative breast cancer is a heterogeneous disease characterized by the 
lack of druggable targets [39]. Angiogenesis is an important factor in 
TNBC progression. TNBC tumors show high intratumoral microvessel 
density [41] and express high levels of vascular endothelial growth 
factor (VEGF) [40]. Several reports have shown that NFATc inhibition 
renders an impaired angiogenic response in vivo. For instance, admin
istration of the CN inhibitors CsA and FK506 has been shown to effec
tively impair the angiogenic response elicited by VEGF in endothelial 

Fig. 8. The novel non-peptide compound 5a inhibits 
tumor growth and shows a tendency to reduce tumor 
angiogenesis in an orthotopic syngeneic model of 
TNBC. A: Mice were injected with 5 × 105 transduced 
4T1 cells into the mammary fat pad (10 animals for 
each experimental group). When tumors reached a 
volume >100 mm3 (at day 11 from cell injection), 
animals were treated by intraperitoneal injection 
with 50 mg/kg of compounds 4, 5a or 5 mg/kg of 
FK506. FK506 was used as a control inhibitor of CN 
phosphatase activity. Animals were euthanized 15 
days post treatment and tumor weight was measured. 
The weights of the tumors of each experimental group 
are represented as mean ± SEM. Statistical analysis 
was performed using One-way ANOVA with Dun
nett’s post-hoc test. Significance is shown as bold 
characters. B: Left panel: Representative images of 
histologic sections stained with rabbit anti-CD31 of 
TNBC mice treated with vehicle or compounds 5a, 4 
or FK506. Histological sections were counterstained 
with hematoxylin (blue). Brown color indicates 
CD31+ endothelial cells. Scale bars represent 200 μm. 
Right panel: Quantification of mean vessel area/mm2 

per high power field (HPF). Statistical analysis was 
performed using the Mann-Whitney test (p values that 
are less than 0.1 are specified on the graph). Data is 
presented as median ± interquartile range.   
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cells in vivo [42,43]. Opposite results have also been reported [44], 
where NFATc activate cell signaling in MDA-MB-231 cells but sup
presses xenograft TNBC tumor growth. 

With this precedent, the effect of our best candidate, 5a, was 
analyzed in a syngeneic orthotopic TNBC mouse model along with 
compounds 4 and FK506. Tumor weight after 15 days of treatment with 
4, 5a or FK506 is significantly reduced compared to vehicle treatment. 
In addition, the quantification of vessel area density on histological 
sections using IHC analyzed with anti-CD31 showed a clear tendency of 
reduced tumor angiogenesis in mice treated with compound 5a in 
comparison to mice treated with vehicle. Surprisingly, compound 4 had 
no effect on tumor angiogenesis while FK506 significantly reduced it. 
This difference in the functional effect on tumor angiogenesis between 
compounds 5a and 4 could be explained by the potential additional 
polar contact that 5a could establish with N327 in CNA, but we cannot 
rule out other possibilities such as different bioavailability of both 
compounds, though this remains to be analyzed. In addition, a stronger 
administration regimen of compound 5a could be envisaged and/or the 
use of nanocarriers to target the tumors [45,46]. Therefore, it becomes 
evident that compound 5a, which inhibits CN-NFATc signaling in vitro, 
has immunosuppressant activity and is able to reduce tumor weight and 
tumor angiogenesis in vivo even in the presence of a totally functional 
immune system. These findings may constitute a novel therapeutic 
approach against pathologies without targeted therapy and with an 
exacerbated NFATc signaling pathway such as TNBC. 

In summary, the discovery of specific CN-NFAT inhibitors as alter
native immunosuppressants to CsA and FK506 that may be more effec
tive in diseases with aberrant CN-NFATc signaling, such as TNBC, while 
exhibiting fewer secondary effects, would lead to more efficient com
bined therapies for the treatment of these diseases with improved clin
ical tolerance. We consider that there is sufficient basis to propose the 
selective inhibition of the CN-NFATc signaling pathway as a valuable 
therapeutic strategy to be more efficient and with less associated side 
effects on diseases with aberrant CN-NFATc signaling. In fact, the use of 
peptides including the PxIxIT sequence itself would be the first option. 
Although this approach should not be dismissed, it must be acknowl
edged that it would be a highly expensive treatment with the inconve
nience associated to the known oral absorption and pharmacokinetic 
problems derived from the administration of proteins. 

Based on previously identified compounds through a 
pharmacophore-based virtual screening and using docking calculations, 
we have designed and synthesized several families of compounds which 
mimic the PxIxIT sequence binding to CNA and inhibit CN-NFATc cell 
signaling – these compounds have the potential to be used as immuno
suppressive drugs. 

Our docking calculations demonstrate that, from all the prepared 
compounds, carboxamide 5a binds to CNA in similar manner to the 
proposed binding of compound 4, sharing all the crucial interactions as 
well as an additional potential polar contact with N327. This new non- 
peptide small ligand binds to CNA in vitro and inhibits CN-NFATc 
signaling without interfering with CN phosphatase activity. Moreover, 
5a inhibits cytokine mRNA production in activated hPBMC and cytokine 
secretion and cell proliferation in activated CD4+ T cells, indicating that 
it has therapeutic potential as an immunosuppressant. Finally, com
pound 5a also reduces TNBC tumor weight and shows a tendency to 
reduce tumor angiogenesis in an immunocompetent model of TNBC, 
suggesting that 5a has anti-tumor progression potential. All in all, 5a has 
been validated as an agent with therapeutic potential against CN-NFATc 
signaling, and as a tool that can be further utilized in drug development. 

3.1. Experimental 

General procedures. Materials and methods: Commercially avail
able reagents were used as received. Solvents were dried by distillation 
over the appropriate drying agents. All reactions were monitored by 
analytical thin-layer chromatography (TLC) using silica gel 60 precoated 

aluminum plates (0.20 mm thickness). Flash column chromatography 
was performed using silica gel Geduran® SI 60 (40–63 μm). 1H NMR and 
13C NMR spectra were recorded at 250, 360, 400 MHz and 90, 100 MHz, 
respectively. Proton chemical shifts are reported in ppm (δ) (CDCl3, δ 
7.26 or CD3OD, δ 3.31). Carbon chemical shifts are reported in ppm (δ) 
(CDCl3, δ 77.16 or CD3OD, δ 49.00). NMR signals were assigned with the 
help of HSQC. Infrared peaks are reported in cm− 1. The purity of the 
tested compounds was determined to be over 95% by HPLC analysis (see 
the Supplementary Material). Melting points were determined on hot 
stage and are uncorrected. HRMS were recorded using electrospray 
ionization (ESI). 

N-(3-Nitrobenzyl)methanesulfonamide, 8. To a solution of 3- 
nitrobenzylamine hydrochloride, 7, (730 mg, 3.87 mmol) in CH2Cl2 
(25 mL), Et3N (1.1 mL, 7.74 mmol) and MsCl (0.32 mL, 4.06 mmol) were 
sequentially added. The mixture was stirred at rt for 10 min. Then, the 
reaction was quenched with water (25 mL), and the layers were sepa
rated. The organic layer was washed with brine (2 x 25 mL), dried over 
anhydrous MgSO4 and concentrated under reduced pressure to obtain 
sulphonamide 8 as a yellow solid (864 mg, 3.75 mmol, 98% yield). Mp 
= 75–78 ◦C (from CH2Cl2). 1H NMR (400 MHz, acetone-d6) δ 8.30 (s, 1H, 
H-2), 8.16 (d, J4,5 = 7.9 Hz, 1H, H-4), 7.87 (d, J6,5 = 7.9 Hz, 1H, H-6), 
7.67 (t, J5,4 = J5,6 = 7.9 Hz, 1H, H-5), 6.74 (br s, 1H, CH2NH), 4.50 (d, 
JCH2,CH2NH = 6.5Hz, 2H, -CH2-), 2.97 (s, 3H, -CH3); 13C NMR (100.6 
MHz, acetone-d6) δ 149.3 (C3), 142.0 (C1), 134.9 (C5), 130.6 (C6), 123.2 
(C2), 123.0 (C4), 46.6 (-CH2-), 40.5 (-SO2CH3); IR (ATR) 3231, 1527, 
1352, 1300, 1138 cm− 1. HRMS (ESI+) calcd. for [C8H10N2O4S+Na]+

[M+Na]+: 253.0259; found: 253.0254. 
N-(3-Aminobenzyl)methanesulfonamide, 9. A mixture of com

pound 8 (830 mg, 3.61 mmol) and 10% Pd/C (83 mg) in EtOAc (11 mL) 
was stirred under H2 (1 atm) overnight. The suspension was filtered over 
Celite® and the filtrate was concentrated to obtain 9 as a brown solid 
(718 mg, 3.59 mmol, 99% yield). Mp = 69–71 ◦C (from CH2Cl2). 1H 
NMR (400 MHz, DMSO‑d6) δ 7.42 (t, JSO2NH,CH2 = 6.2 Hz, 1H, –SO2NH-), 
6.98 (t, J5,4 = J5,6 = 7.6 Hz, 1H, H-5), 6.55 (s, 1H, H-2), 6.49 - 6.45 (m, 
2H, H-4, H-6), 5.06 (br s, 2H, –NH2), 3.99 (d, JCH2,NHSOO = 6.2 Hz, 2H, 
-CH2-), 2.82 (s, 3H, -CH3); 13C NMR (62.5 MHz, DMSO‑d6): δ 148.3 (C3), 
138.7 (C1), 128.9 (C5), 115.5 (C6), 113.4 (C2), 113.2 (C4), 46.4 (-CH2-), 
40.0 (-SO2CH3); IR (ATR) 3416, 3328, 3037, 2847, 1593, 1465, 1299, 
1141 cm− 1. HRMS (ESI+) calcd. for [C8H12N2O2S+H]+ [M+H]+: 
201.0698; found: 201.0695. 

N-(3-{[(Methylsulfonyl)amino]methyl}phenyl)-1H-indole-5- 
carboxamide, 5a. To a stirred solution of amine 9 (229 mg, 1.14 mmol) 
in dry THF (10 mL) under N2 atmosphere, a solution of indole-5- 
carboxylic acid, 10a, (276 mg, 1.72 mmol), EDCI (0.30 mL, 1.71 
mmol), HOBt (231 mg, 1.71 mmol) and DIPEA (1.00 mL, 5.74 mmol) in 
dry THF (10 mL) was added. The reaction mixture was stirred overnight 
at rt. Then, the reaction was quenched with water (10 mL) and extracted 
with EtOAc (10 mL). The organic layer was washed with water (3 x 10 
mL), dried over anhydrous Na2SO4 and concentrated in vacuo. Purifi
cation by column chromatography (CH2Cl2/MeOH, 30:1) afforded 
compound 5a as a white solid (318 mg, 0.93 mmol, 81% yield). Mp =
89–90 ◦C (from acetone). 1H NMR (400 MHz, DMSO‑d6) δ 11.41 (s, 1H, 
-NH-), 10.16 (s, 1H, -CONH-), 8.27 (s, 1H, H-4), 7.83 (s, 1H, H-2′), 7.73 
(m, 2H, H-6, H-6′), 7.59 (t, JCH2NH,CH2 = 6.4 Hz, 1H, –CH2NH-), 7.49 - 
7.46 (m, 2H, H-2, H-7), 7.31 (t, J5’,4’ = J5’,6’ = 7.8 Hz, 1H, H-5′), 7.05 (d, 
J4’,5’ = 7.8 Hz, 1H, H-4′), 6.58 (s, 1H, H-3), 4.15 (d, JCH2,CH2NH = 6.4 Hz, 
2H, -CH2-), 2.89 (s, 3H, -SO2CH3); 13C NMR (100.6 MHz, DMSO‑d6) δ 
166.5 (-CONH-), 139.8 (C1’), 138.6 (C3’), 137.6 (C7a), 128.5 (C5’), 127.0 
(C3a/C5), 126.9 (C2), 125.7 (C3a/C5), 122.4 (C4’), 121.0 (C6), 120.5 (C4), 
119.5 (C6’), 119.1 (C2’), 111.1 (C7), 102.2 (C3), 46.2 (CH2NH), 40.0 
(-SO2CH3); 13C NMR (100.6 MHz, acetone-d6) δ 167.4 (-CONH-), 141.1 
(C1’), 139.7 (C3’), 139.0 (C7a), 129.6 (C5’), 129.6 (C3a/C5), 128.5 (C2), 
127.3 (C3a/C5), 123.5 (C4’), 121.9 (C6), 121.3 (C4), 120.3 (C6’), 120.0 
(C2’), 111.9 (C7), 103.5 (C3), 47.7 (CH2NH), 40.6 (-SO2CH3); IR (ATR) 
3291, 1611, 1540, 1436, 1310, 1146 cm− 1. HRMS (ESI+) calcd. for 
[C17H17N3O3S+H]+ [M+H]+: 344.1069; found: 344.1065. HPLC purity: 

A. Sánchez-Morales et al.                                                                                                                                                                                                                     



European Journal of Medicinal Chemistry 238 (2022) 114514

13

98.27%. 
N-(3-{[(Methylsulfonyl)amino]methyl}phenyl)-2-naph

thamide, 5b. Compound 5b was prepared as described for 5a by using a 
solution of compound 9 (58 mg, 0.29 mmol) in dry THF (2 mL) and a 
solution of commercially available 2-naphtoic acid, 10b, (75 mg, 0.44 
mmol), EDCI (80 μL, 0.44 mmol), HOBt (60 mg, 0.44 mmol) and DIPEA 
(200 μL, 1.16 mmol) in dry THF/DMF (3 mL/2 mL). The residue was 
purified by recrystallization in Et2O to furnish product 5b as a white 
solid (88 mg, 0.26 mmol, 88% yield). Mp = 178–183 ◦C (from acetone). 
1H NMR (400 MHz, DMSO‑d6) δ 10.47 (s, 1H, CONH), 8.59 (s, 1H, H-1), 
8.10 - 8.00 (m, 4H, H3/H4/H5/H6/H7/H8), 7.84 (s, 1H, H-2′), 7.76 (d, 
J6’,5’ = 7.9 Hz, 1H, H-6′), 7.67 - 7.59 (m, 3H, H5/H6/H7/H8/CH2NH), 
7.36 (t, J5’,4’ = J5’,6’ = 7.9 Hz, 1H, H-5′), 7.11 (d, J4’,5’ = 7.9 Hz, 1H, H- 
4′), 4.18 (d, JCH2,NHCH2 = 6.3 Hz, 2H, -CH2-), 2.90 (s, 3H, -SO2CH3); 13C 
NMR (100.6 MHz, DMSO‑d6) δ 165.6 (-CONH-), 139.3 (C1’), 138.8 (C3’), 
134.3 (C2), 132.2 (C4a/C8a), 132.1 (C4a/C8a), 128.9/128.0/127.8/ 
127.7/126.8/124.4 (C1/C3/C4/C5/C6/C7/C8), 128.7 (C5’), 123.0 (C4’), 
119.6 (C2’), 119.3 (C6’), 46.1 (CH2NH), 40.0 (-SO2CH3); IR (ATR) 3207, 
1645, 1543, 1437, 1302, 1130 cm− 1. HRMS (ESI+) calcd. for 
[C19H18N2O3S+H]+ [M+H]+: 355.1116; found: 355.1112. 

N-(3-{[(Methylsulfonyl)amino]methyl}phenyl)-2-(3-thienyl) 
acetamide, 5c. Compound 5c was prepared as described for 5a by using 
a solution of compound 9 (64 mg, 0.32 mmol) in dry THF (3 mL) and a 
solution of commercially available 3-thiopheneacetic acid, 10c, (68 mg, 
0.48 mmol), EDCI (85 μL, 0.48 mmol), HOBt (65 mg, 0.48 mmol) and 
DIPEA (220 μL, 1.28 mmol) in dry THF/DMF (3 mL/1 mL). The residue 
was purified by recrystallization in Et2O to furnish product 5c as a white 
solid (65 mg, 0.20 mmol, 63% yield). Mp = 153–157 ◦C (from acetone). 
1H NMR (400 MHz, DMSO‑d6) δ 10.16 (s, 1H, CONH), 7.58 - 7.52 (m, 
3H, H-6′′, H-2′′, CH2NH), 7.48 (m, 1H, H-5′), 7.32 (m, 1H, H-2′), 7.26 (t, 
J5′′ ,4’’ = J5′′ ,6’’ = 7.8 Hz, 1H, H-5′′), 7.09 (dd, J4’,5’ = 4.9 Hz, J4’,2’ = 1.1 
Hz, 1H, H-4′), 7.01 (d, J4′′ ,6’’ = 7.8 Hz, 1H, H-4′′), 4.11 (d, JNHCH2,CH2 =

6.4 Hz, 2H, NHCH2), 3.65 (s, 2H, H-2), 2.86 (s, 3H, -SO2CH3); 13C NMR 
(100.6 MHz, DMSO‑d6): δ 168.7 (CONH), 139.3 (C1′′), 138.9 (C3′′), 135.6 
(C3’), 128.7 (C4’/C5′′), 128.7 (C4’/C5′′), 125.8 (C5’), 122.5 (C4′′, C2’), 
118.3 (C2’’/C6′′), 118.0 (C2’’/C6′′), 46.0 (CH2NH), 39.9 (-SO2CH3), 38.1 
(C2); IR (ATR) 3259, 1657, 1535, 1309, 1147 cm− 1. HRMS (ESI+) calcd. 
for [C14H16N2O3S2+Na]+ [M+Na]+: 347.0500; found: 347.0495. 

4-Ethyl-N-(3-{[(methylsulfonyl)amino]methyl}phenyl)benza
mide, 5d. Compound 5d was prepared as described for 5a by using a 
solution of compound 9 (66 mg, 0.32 mmol) in dry THF (3 mL) and a 
solution of commercially available 4-ethylbenzoic acid, 10d, (72 mg, 
0.48 mmol), EDCI (85 μL, 0.48 mmol), HOBt (65 mg, 0.48 mmol) and 
DIPEA (220 μL, 1.28 mmol) in dry THF/DMF (3 mL/1 mL). The residue 
was purified by recrystallization in Et2O to furnish product 5d as a white 
solid (50 mg, 0.15 mmol, 47% yield). Mp = 145–149 ◦C (from acetone). 
1H NMR (400 MHz, DMSO‑d6) δ 10.19 (s, 1H, CONH), 7.90 (d, J2,3 = J6,5 
= 8.3 Hz, 2H, H-2, H-6), 7.79 (s, 1H, H-2′), 7.70 (m, J6’,5’ = 8.0 Hz, 1H, 
H-6′), 7.57 (t, JCH2NH,CH2 = 6.4 Hz, 1H, CH2NH), 7.36 (d, J3,2 = J5,6 =

8.3 Hz, 2H, H-3, H-5), 7.32 (t, J5’,4’ = J5’,6’ = 7.9 Hz, 1H, H-5′), 7.08 (d, 
J5’,6’ = 7.9 Hz, 1H, H-4′), 4.15 (d, JCH2,CH2NH = 6.3 Hz, 2H, -NHCH2-), 
2.88 (s, 3H, -SO2CH3), 2.69 (q, JCH2,CH3 = 7.6 Hz, 2H, -CH2CH3), 1.22 (t, 
JCH3,CH2 = 7.6 Hz, 3H, -CH2CH3); 13C NMR (100.6 MHz, DMSO‑d6): δ 
165.4 (CONH), 147.7 (C4), 139.3 (C1’), 138.7 (C3’), 132.3 (C1), 128.5 
(C5’), 127.7 (C2, C6), 127.7 (C3, C5), 122.8 (C4’), 119.5 (C2’), 119.2 (C6’), 
46.1 (CH2NH), 40.0 (-SO2CH3), 28.0 (-CH2CH3), 15.4 (-CH2CH3). IR 
(ATR): 3263, 2966, 1645, 1538, 1307, 1144 cm− 1. HRMS (ESI+) calcd. 
for [C17H20N2O3S+H]+ [M+H]+: 333.1273; found: 333.1267. 

N-(3-{[(Methylsulfonyl)amino]methyl}phenyl)-1-benzothio
phene-3-carboxamide, 5e. Compound 5e was prepared as described 
for 5a by using a solution of compound 9 (295 mg, 1.47 mmol) in dry 
THF (10 mL) and a solution of commercially available benzothiophene- 
3-carboxylic acid, 10e, (399 mg, 2.24 mmol), EDCI (0.40 mL, 2.26 
mmol), HOBt (302 mg, 2.23 mmol) and DIPEA (1.10 mL, 6.31 mmol) in 
dry THF (10 mL). The residue was purified by recrystallization in CH2Cl2 
to furnish product 5e as a white solid (399 mg, 1.11 mmol, 75% yield). 

Mp = 139–140 ◦C (from acetone). 1H NMR (360 MHz, DMSO‑d6) δ 10.39 
(s, 1H, -CONH-), 8.57 (s, 1H, H-2), 8.42 (d, J4,5 = 7.5 Hz, 1H, H-4), 8.08 
(d, J7,6 = 7.6 Hz, 1H, H-7), 7.80 (s, 1H, H-2′), 7.70 (d, J6’,5’ = 8.0 Hz, 1H, 
H-6′), 7.61 (t, JNHCH2,CH2 = 6.3 Hz, 1H, CH2NH), 7.51 - 7.43 (m, 2H, H-5, 
H-6), 7.35 (t, J5’,4’ = J5’,6’ = 8.0 Hz, 1H, H-5′), 7.09 (d, J4’,5’ = 8.0 Hz, 
1H, H-4′), 4.17 (d, JCH2,CH2NH = 6.3 Hz, 2H, -CH2-), 2.90 (s, 3H, 
-SO2CH3); 13C NMR (100.6 MHz, DMSO‑d6) δ 161.9 (CONH), 139.4 
(C3a/C7a), 139.2 (C3’), 138.9 (C1’), 137.1 (C3a/C7a), 131.9 (C2), 131.0 
(C3), 128.7 (C5’), 125.0 (C5, C6), 124.3 (C4), 122.9 (C7, C4’), 119.4 (C6’) 
119.1 (C2’), 46.1 (–CH2–), 39.9 (SO2CH3); IR (ATR) 3250, 1643, 1543, 
1420, 1305, 1149 cm− 1. HRMS (ESI+) calcd. for [C17H16N2O3S2+Na]+

[M+Na]+: 383.0500; found: 383.0497. HPLC purity: 98.10%. 
N-(3-(Methylsulfonamidomethyl)phenyl)benzo[b]thiophene- 

5-carboxamide, 5f. Compound 5f was prepared as described for 5a by 
using a solution of compound 9 (34 mg, 0.17 mmol) in dry THF (2 mL) 
and a solution of commercially available 1-benzothiophene-5-carboxylic 
acid, 10f, (25 mg, 0.14 mmol), EDCI (24 μL, 0.15 mmol), HOBt (21 mg, 
0.15 mmol) and DIPEA (100 μL, 0.56 mmol) in dry THF/DMF (2 mL/1 
mL). The residue was purified by recrystallization in Et2O to furnish 
product 5f as a white solid (26 mg, 72 μmol, 51% yield). Mp =
172–176 ◦C (from acetone). 1H NMR (400 MHz, DMSO‑d6) δ 10.39 (s, 
1H, -CONH-), 8.53 (m, J4,3 = 1.4 Hz, 1H, H-4), 8.16 (d, J7,6 = 8.5 Hz, 1H, 
H-7), 7.94 (dd, J6,7 = 8.5 Hz, J6,4 = 1.4 Hz, 1H, H-6), 7.90 (d, J3,2 = 5.5 
Hz, 1H, H-3), 7.83 (s, 1H, H-2′), 7.74 (d, J6’,5’ = 8.3, Hz, 1H, H-6′), 7.62 - 
7.57 (m, 2H, H-2, –SO2NH-), 7.34 (m, 1H, H-5′), 7.09 (d, J4’,5’ = 7.5 Hz, 
1H, H-5′), 4.17 (d, JCH2,SO2NH = 6.4 Hz, 1H, –CH2-), 2.89 (s, 3H, 
-SO2CH3); 13C NMR (100.6 MHz, DMSO‑d6) δ 165.7 (-CONH-), 142.1 
(C7a), 139.4 (C3’), 139.1 (C1’), 138.8 (C3a/C5), 131.2 (C3a/C5), 129.0 
(C6), 128.6 (C5’), 124.5 (C7), 123.3 (C3), 123.2 (C4), 122.9 (C4’), 122.6 
(C2), 119.6 (C2’), 119.2 (C6’), 46.1 (–CH2–), 39.1 (-SO2CH3); IR (ATR) 
3254, 1641, 1536, 1428, 1309, 1131 cm− 1. HRMS (ESI+) calcd. for 
[C17H16N2O3S2+H]+ [M+H]+: 361.0681; found: 361.0668. 

tert-Butyl (2-((3-(methylsulfonyl)phenyl)amino)-2-oxoethyl) 
carbamate, 13. To the salt of 3-(methylsulfonyl)aniline hydrochloride, 
11, (1.01 g, 4.84 mmol) in dry THF (25 mL) under N2 atmosphere, Et3N 
(1.35 mL, 9.69 mmol) was added and the solution was stirred for 5 min 
at rt. Then, a solution of Boc-glycine, 12 (1.27 g, 7.26 mmol), HATU 
(2.21 g, 5.81 mmol), HOBt (785 mg, 8.81 mmol) and Et3N (1.35 mL, 
9.69 mmol) in dry THF/DMF (20 mL/3 mL) was added. The reaction 
mixture was stirred overnight at rt. The mixture was diluted with EtOAc 
(25 mL) and washed successively with water (3 x 30 mL), a saturated 
aqueous solution of NaHCO3 (2 x 30 mL), and brine (3 x 30 mL). The 
solvent was evaporated under reduced pressure and the residue was 
diluted in methylene chloride (20 mL) washed again with water (3 x 60 
mL) and brine (3 x 60 mL) in order to remove the remains of tetrame
thylurea. The organic layer was dried over anhydrous MgSO4 and 
concentrated under vacuum to obtain the carbamate 13 as a brown solid 
(810 mg, 2.47 mmol, 51% yield). Mp = 100–104 ◦C (from acetone). 1H 
NMR (250 MHz, CDCl3) δ 8.81 (br s, 1H, -NHCO-), 8.03 (m, 1H, H-2′), 
7.90 (d, J4’,6’ = 7.7 Hz, 1H, H-4′), 7.63 (d, J6’,5’ = 7.7 Hz, 1H, H-6′), 7.48 
(m, 1H, H-5′), 5.45 (br s, 1H, -NHCOO-), 3.97 (d, J1,NHCOO = 6.0 Hz, 2H, 
H-1), 3.06 (s, 3H, -SO2CH3), 1.47 (s, 9H, –C(CH3)3); 13C NMR (100.6 
MHz, CDCl3) δ 168.6 (-NHCO-), 156.9 (-NHCOO-), 141.2 (C3’), 138.9 
(C1’), 130.3 (C5’), 125.0 (C4’), 122.8 (C6’), 118.4 (C2’), 81.1 (-C(CH3)3), 
45.6 (C1), 44.5 (-SO2CH3), 1.47 (-C(CH3)3); IR (ATR) 3284, 2976, 1703, 
1516, 1296, 1136 cm− 1. HRMS (ESI+) calcd. for [C14H20N2O5S+H]+

[M+H]+: 329.1171; found: 329.1157. 
2-Amino-N-(3-(methylsulfonyl)phenyl)acetamide, 14. To a stir

red solution of compound 13 (800 mg, 2.43 mmol) in CH2Cl2 (20 mL), 
trifluoroacetic acid (5 mL) was added. The mixture was stirred at rt until 
the starting material was consumed (TLC). Then, the mixture was 
concentrated under vacuum and the resulting brown syrup was taken up 
in acetone and precipitated with diethyl ether to deliver 14 (553 mg, 
1.62 mmol, 66% yield) as a white solid. Mp = 179–183 ◦C (from 
acetone). 1H NMR (400 MHz, DMSO‑d6) δ 11.01 (s, 1H, -CONH-), 8.29 
(s, 3H, -NH3

+), 8.24 (s, 1H, H-2′), 7.85 (br d, J6′′ , 5’’ = 6.7 Hz, 1H, H-6′), 

A. Sánchez-Morales et al.                                                                                                                                                                                                                     



European Journal of Medicinal Chemistry 238 (2022) 114514

14

7.66 - 7.62 (m, 2H, H-4′, H-5′), 3.85 (s, 2H, H-1), 3.21 (s, 3H, -SO2CH3); 
13C NMR (100.6 MHz, DMSO‑d6) δ 165.5 (C2), 158.5 (q, JCOCF3,F = 31.3 
Hz,COCF3

− ), 141.6 (C3’), 139.0 (C1’), 130.4 (C4’), 123.7 (C6’), 122.1 
(C5’), 117.8 (q, JCF3,F = 301 Hz, -CF3), 117.0 (C2’), 43.6 (C1), 41.1 
(-SO2CH3); IR (ATR) 3084, 1677, 1427, 1294, 1134 cm− 1. HRMS (ESI+) 
calcd. for [C11H13F3N2O5S+H]+ [M+H]+: 229.0641; found: 229.0636. 

N-(2-((3-(Methylsulfonyl)phenyl)amino)-2-oxoethyl)-1H- 
indole-5-carboxamide, 6a. To a stirred solution of amine 14 (96 mg, 
0.28 mmol) in dry THF (4 mL) under N2 atmosphere, a solution of 
indole-5-carboxylic acid, 10a, (68 mg, 0.42 mmol), EDCI (75 μL, 0.42 
mmol), HOBt (57 mg, 0.42 mmol) and DIPEA (0.20 mL, 1.12 mmol) in 
dry THF/DMF (4 mL/1 mL) was added. The reaction mixture was stirred 
overnight at rt. Then, the reaction was quenched with water (10 mL) and 
extracted with EtOAc (10 mL). The organic layer was washed with water 
(3 x 10 mL), dried over anhydrous Na2SO4 and concentrated in vacuo. 
The residue was purified by recrystallization in Et2O to furnish 6a (81 
mg, 0.22 mmol, 78% yield) as a white solid. Mp = > 230 ◦C (from 
acetone). 1H NMR (400 MHz, DMSO‑d6) δ 11.34 (s, 1H, –NH–), 10.46 (s, 
1H, -NH-2′), 8.71 (t, JNHCO,1’ = 5.8 Hz, 1H, indole-CONH-), 8.28 (m, 1H, 
H-2′′), 8.20 (m, 1H, H-4), 7.90 (m, 1H, H-6′′), 7.68 (dd, J6,7 = 8.6 Hz, 
J6,4 = 1.8 Hz, 1H, H-6), 7.61 - 7.60 (m, 2H, H-4′′, H-5′′), 7.46 - 7.43 (m, 
2H, H-2, H-7), 6.56 (m, 1H, H-3), 4.09 (d, J1’,NHCO = 5.8 Hz, 2H, H-1′), 
3.19 (s, 3H, -SO2CH3); 13C NMR (100.6 MHz, DMSO‑d6): δ 168.9 (C2’), 
167.8 (indole-CONH-), 141.3 (C3′′), 139.8 (C1′′), 137.5 (C7a), 130.1 (C5′′), 
127.0 (C3a/C5), 126.7 (C2), 124.9 (C3a/C5), 123.6 (C6′′), 121.4 (C4′′), 
120.6 (C6), 120.2 (C4), 117.0 (C2′′), 110.9 (C7), 102.2 (C3), 43.6 
(-SO2CH3), 43.5 (C1’); IR (ATR): 3395, 1705, 1617, 1427, 1292, 1139 
cm− 1. HRMS (ESI+) calcd. for [C19H20N4O4S+H]+ [M+H]+: 372.1018; 
found: 372.1000. 

N-(2-((3-(Methylsulfonyl)phenyl)amino)-2-oxoethyl)-2-naph
thamide, 6b. Compound 6b was prepared as described for 6a by using a 
solution of compound 14 (44 mg, 0.13 mmol) in dry THF (2 mL) and a 
solution of commercially available 2-naphtoic acid, 10b, (35 mg, 0.19 
mmol), EDCI (35 μL, 0.19 mmol), HOBt (26 mg, 0.19 mmol) and DIPEA 
(90 μL, 0.51 mmol) in dry THF/DMF (2 mL/1 mL). The residue was 
purified by recrystallization in Et2O to furnish product 6b as a white 
solid (48 mg, 0.13 mmol, 98% yield). Mp = 194–199 ◦C (from acetone). 
1H NMR (400 MHz, DMSO‑d6) δ 10.51 (s, 1H, -NH-2′), 9.08 (t, JNHCO,1’ 
= 5.9 Hz, 1H, -NHCO-), 8.53 (s, 1H, H-1), 8.29 (m, 1H, H-2′′), 8.06 - 7.98 
(m, 4H, H-3/H-4/H-5/H-6/H-7/H-8), 7.91 (m, 1H, H-6′′), 7.65 - 7.59 
(m, 4H, H-5/H-6/H-7/H-8/H-4’’/H-5′′), 4.16 (d, J1’,NHCO = 5.9 Hz, 2H, 
H-1′), 3.19 (s, 3H, -SO2CH3); 13C NMR (100.6 MHz, DMSO‑d6) δ 168.5 
(-NHCO-), 168.8 (C2’), 141.3 (C1′′), 139.7 (C3′′), 134.2 (C2), 132.1 (C4a/ 
C8a), 131.2 (C4a/C8a), 130.1 (C5′′), 128.9/127.9/127.7/127.6/126.8/ 
124.2 (C1/C3/C4/C5/C6/C7/C8), 123.6 (C6′′), 121.5 (C4′′), 117.0 (C2′′), 
43.6 (-SO2CH3), 43.5 (C1’); IR (ATR) 3407, 3283, 1625, 1522, 1296, 
1141 cm− 1. HRMS (ESI+) calcd. for [C20H18N2O4S+H]+ [M+H]+: 
383.1066; found: 383.1048. 

N-(3-(Methylsulfonyl)phenyl)-2-(2-(thiophen-3-yl)acetamido) 
acetamide, 6c. Compound 6c was prepared as described for 6a by using 
a solution of compound 14 (91 mg, 0.27 mmol) in dry THF (4 mL) and a 
solution of commercially available 3-thiopheneacetic acid, 10c, (57 mg, 
0.40 mmol), EDCI (70 μL, 0.40 mmol), HOBt (54 mg, 0.40 mmol) and 
DIPEA (185 μL, 1.06 mmol) in dry THF/DMF (4 mL/1 mL). The residue 
was purified by recrystallization in Et2O to furnish product 6c as a white 
solid (70 mg, 0.20 mmol, 75% yield). Mp = 169–173 ◦C (from acetone). 
1H NMR (400 MHz, DMSO‑d6) δ 10.39 (s, 1H, -NH-1), 8.39 (t, JNHCO,2 =

5.8 Hz, 1H, -NHCO-), 8.23 (m, 1H, H-2′′), 7.85 (m, 1H, H-6′′), 7.62 - 7.59 
(m, 2H, H-4′′,H-5′′), 7.46 (m, 1H, H-5′), 7.29 (m, 1H, H-2′), 7.06 (m, 1H, 
H-4′), 3.92 (d, J2,NHCO = 5.8 Hz, 2H, H-2), 3.53 (s, 2H, -CH2-thiophene), 
3.19 (s, 3H, -SO2CH3); 13C NMR (100.6 MHz, DMSO‑d6): δ 170.3 
(-NHCO-), 168.4 (C1), 141.3 (C3′′), 139.6 (C1′′), 135.9 (C3’), 130.1 (C5′′), 
128.8 (C4’), 125.6 (C5’), 123.5 (C6′′), 122.3 (C2’), 121.5 (C4′′), 116.9 
(C2′′), 43.6 (-SO2CH3), 42.8 (C2), 36.7 (-CH2-thiophene); IR (ATR) 3392, 
3270, 1644, 1511, 1299, 1145 cm− 1. HRMS (ESI+) calcd. for 
[C15H16N2O4S2+H]+ [M+H]+: 353.0630; found: 353.0615. 

4-Ethyl-N-(2-((3-(methylsulfonyl)phenyl)amino)-2-oxoethyl) 
benzamide, 6d. Compound 6d was prepared as described for 6a by 
using a solution of compound 14 (90 mg, 0.26 mmol) in dry THF (4 mL) 
and a solution of commercially available 4-ethylbenzoic acid, 10d, (59 
mg, 0.39 mmol), EDCI (70 μL, 0.39 mmol), HOBt (53 mg, 0.39 mmol) 
and DIPEA (185 μL, 1.05 mmol) in dry THF/DMF (4 mL/1 mL). The 
residue was purified by recrystallization in Et2O to furnish product 6d as 
a white solid (84 mg, 0.23 mmol, 88% yield). Mp = 169–172 ◦C. 1H NMR 
(400 MHz, DMSO‑d6) δ 10.46 (s, 1H, -NH-2′), 8.82 (t, JNHCO,2’ = 5.8 Hz, 
1H, -NHCO-), 8.26 (m, 1H, H-2′′), 7.89 (m, 1H, H-6′′), 7.84 (d, J2,3 = J6,5 
= 8.3 Hz, 2H, H-2, H-6), 7.61 - 7.60 (m, 2H, H-4′′,H-5′′), 7.32 (d, J2,3 =

J6,5 = 8.2 Hz, 2H, H-3, H,5), 4.08 (d, J2’,NHCO = 5.8 Hz, 2H, H-2′), 3.19 
(s, 3H, -SO2CH3), 2.67 (q, JCH2,CH3 = 7.6 Hz, 2H, -CH2CH3), 1.20 (t, JCH3, 

CH2 = 7.6 Hz, 2H, -CH2CH3); 13C NMR (100.6 MHz, DMSO‑d6) δ 168.5 
(C2’), 166.6 (-NHCO-), 147.5 (C4), 141.3 (C3′′), 139.7 (C1′′), 131.4 (C1), 
130.1 (C5′′), 127.7 (C2, C6), 127.4 (C3, C5), 123.6 (C6′′), 121.5 (C4′′), 
117.0 (C2′′), 43.6 (-SO2CH3), 43.4 (C1’), 28.0 (-CH2CH3), 15.3 
(-CH2CH3); IR (ATR) 3422, 3274, 1705, 1638, 1303, 1147 cm− 1. HRMS 
(ESI+) calcd. for [C18H20N2O4S+H]+ [M+H]+: 361.1222; found: 
361.1206. 

N-(2-((3-(Methylsulfonyl)phenyl)amino)-2-oxoethyl)benzo[b] 
thiophene-3-carboxamide, 6e. Compound 6e was prepared as 
described for 6a by using a solution of compound 14 (89 mg, 0.26 mmol) 
in dry THF (4 mL) and a solution of commercially available 
benzothiophene-3-carboxylic acid, 10e, (70 mg, 0.39 mmol), EDCI (70 
μL, 0.39 mmol), HOBt (53 mg, 0.39 mmol) and DIPEA (0.18 mL, 1.04 
mmol) in dry THF/DMF (4 mL/1 mL). The residue was purified by 
recrystallization in Et2O to furnish product 6e as a white solid (96 mg, 
0.25 mmol, 95% yield). Mp = 175–178 ◦C. 1H NMR (400 MHz, 
DMSO‑d6) δ 10.52 (s, 1H, -NH-2′), 8.89 (t, JNHCO,2’ = 5.8 Hz, 1H, -NHCO- 
), 8.49 (m, 1H, H-4), 8.46 (s, 1H, H-2), 8.29 (m, 1H, H-2′′), 8.05 (m, 1H, 
H-7), 7.91 (m, 1H, H-6′′), 7.63 - 7.61 (m, 2H, H-4′′,H-5′′), 7.48 - 7.41 (m, 
2H, H-5, H-6), 4.13 (d, J1’,NHCO = 5.8 Hz, 2H, H-1′), 3.20 (s, 3H, 
-SO2CH3); 13C NMR (100.6 MHz, DMSO‑d6): δ 168.5 (C2’), 163.6 
(-NHCO-), 141.4 (C3′′), 139.7 (C1′′), 139.4 (C7a), 131.3 (C2), 130.4 (C3), 
130.1 (C5′′), 124.5 (C5/C6), 124.8 (C5,/C6), 123.6 (C6′′), 122.8 (C7), 
121.5 (C4′′), 117.0 (C2′′), 43.6 (-SO2CH3), 43.1 (C1’); IR (ATR) 3328, 
3084, 1623, 1530, 1322, 1146 cm− 1. HRMS (ESI+) calcd. for 
[C18H16N2O4S2+H]+ [M+H]+: 411.0433; found: 411.0449. 

N-(2-((3-(Methylsulfonyl)phenyl)amino)-2-oxoethyl)benzo[b] 
thiophene-5-carboxamide, 6f. Compound 6f was prepared as 
described for 6a by using a solution of compound 14 (56 mg, 0.17 mmol) 
in dry THF (2 mL) and a solution of commercially available 1-benzothio
phene-5-carboxylic acid, 10f, (25 mg, 0.14 mmol), EDCI (24 μL, 0.15 
mmol), HOBt (21 mg, 0.15 mmol) and DIPEA (100 μL, 0.56 mmol) in dry 
THF/DMF (2 mL/1 mL). The residue was purified by recrystallization in 
Et2O to furnish product 6f as a white solid (36 mg, 93 μmol, 66% yield). 
Mp => 230 ◦C (from acetone). 1H NMR (400 MHz, DMSO‑d6) δ 10.50 (s, 
1H, -NH-2′), 8.99 (t, JNHCO,1’ = 5.9 Hz, 1H, -NHCO-), 8.46 (m, 1H, H-4), 
8.27 (m, 1H, H-2′′), 8.12 (d, J7,6 = 8.5 Hz,1H, H-7), 7.92 - 7.86 (m, 3H, 
H-3, H-6, H-6′′), 7.63 - 7.57 (m, 3H, H-2, H-4′′, H-5′′), 4.12 (d, J1’,NHCO =

5.9 Hz, 2H, H-1′), 3.19 (s, 3H, -SO2CH3); 13C NMR (100.6 MHz, 
DMSO‑d6) δ 168.6 (C2’), 166.9 (-NHCO-), 142.0 (C7a), 141.4 (C3′′), 139.7 
(C1′′), 139.2 (C3a/C5), 130.4 (C3a/C5), 130.2 (C5′′), 128.9 (C6), 124.5 
(C2), 123.6 (C6′′), 123.0 (C3, C4), 122.5 (C7), 121.6 (C4′′), 117.1 (C2′′), 
43.6 (-SO2CH3), 43.5 (C1’); IR (ATR) 3408, 3277, 1706, 1629, 1521, 
1296, 1143 cm− 1. HRMS (ESI+) calcd. for [C18H16N2O4S2+Na]+

[M+Na]+: 411.0449; found: 411.0437. 
tert-Butyl N-[(3-nitrophenyl)sulfonyl]glycinate, 20. To a solu

tion of commercially available glycine tert-butyl ester HCl, 18 (3.08 g, 
18.34 mmol) and 3-nitrobenzenesulfonyl chloride, 19, (3.96 g, 17.86 
mmol) in dry CH2Cl2 (110 mL), DIPEA (9.40 mL, 53.68 mmol) was 
added dropwise and the mixture was stirred for 2.5 h at rt. Then, the 
reaction was quenched with water (50 mL), the layers were separated, 
and the aqueous layer was extracted with CH2Cl2 (3 x 50 mL). The 
combined organic extracts were dried over anhydrous Na2SO4 and 
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concentrated under reduced pressure to deliver the sulphonamide 20 as 
a yellow solid (5.57 g, 17.61 mmol, 99% yield). Mp = 105–108 ◦C (from 
CH2Cl2). 1H NMR (250 MHz, CDCl3) δ 8.69 (m, 1H, H-2′), 8.42 (ddd, 
J4’,5’ = 8.2 Hz, J4’,6’ = 2.2 Hz, J4’,2’ = 1.1 Hz, 1H, H-4′), 8.20 (ddd, J6’,5’ 
= 8.2 Hz, J6’,4’ = 2.2 Hz, J6’,2’ = 1.1 Hz, 1H, H-6′), 7.74 (t, J2’,4’ = J2’,6’ =

8.2 Hz, 1H, H-2′), 5.48 (br t, 1H, –NHSO2-), 3.77 (s, 2H, H-2), 1.34 (s, 
9H, –C(CH3)3); 13C NMR (100.6 MHz, CDCl3) δ 167.8 (C1), 148.2 (C3’), 
142.0 (C1’), 132.9 (C6’), 130.6 (C5’), 127.2 (C4’), 122.4 (C2’), 83.2 (-C 
(CH3)3), 44.8 (C2), 27.8 (-C(CH3)3); IR (ATR) 3164, 1738, 1523, 1441, 
1349, 1236, 1162 cm− 1. HRMS (ESI+) calcd. for [C12H16N2O6S+Na]+

[M+Na]+: 339.0627; found: 339.0624. 
tert-Butyl N-(tert-butoxycarbonyl)-N-[(3-nitrophenyl)sulfonyl] 

glycinate, 21. To an ice-cooled solution of tert-butyl ester 20 (301 mg, 
1.05 mmol) in anhydrous CH3CN (5 mL), DMAP (52 mg, 0.42 mmol) and 
Boc2O (546 mg, 2.48 mmol) were added. The solution was stirred at 0 o C 
for 30 min and then warmed up to rt and let to stir for 2 h. The solvent 
was removed under vacuum and the resulting residue was purified by 
column chromatography (hexane/EtOAc, from 4:1 to 3:1) to provide 
compound 21 (722 mg, 1.73 mmol, 82% yield) as a yellow solid. Mp =
80–84 ◦C (from CH2Cl2). 1H NMR (360 MHz, CDCl3) δ 8.88 (br t, J2’,4’ =

J2’,6’ = 1.9 Hz, 1H, H-2′), 8.48 - 8.43 (m, 2H, H-4′, H-6′), 7.75 (t, J5’,4’ =

J5’,6’ = 8.1 Hz, 1H, H-5′), 4.49 (s, 2H, H-1), 1.47 (s, 9H, –C(CH3)3), 1.35 
(s, 9H, carbamate-C(CH3)3; 13C NMR (90.5 MHz, CDCl3) δ 167.5 (C2), 
150.1 (-NCOOtBu), 147.9 (C3’), 141.5 (C1’), 134.7 (C6’), 129.9 (C5’), 
128.0 (C4’), 124.5 (C2’), 85.8 (carbamate-C(CH3)3), 83.0 (-C(CH3)3), 
47.8 (C1), 28.1 (-C(CH3)3), 27.9 (carbamate-C(CH3)3); IR (ATR) 2981, 
1730, 1533, 1360, 1346, 1145 cm− 1. HRMS (ESI+) calcd. for 
[C17H24N2O8S+Na]+ [M+Na]+: 439.1151; found: 439.1149. 

tert-Butyl N-[(3-aminophenyl)sulfonyl]-N-(tert-butoxycarbon 
yl)glycinate, 22. A mixture of 21 (1.57 g, 3.76 mmol) and 10% Pd/C 
(305 mg) in EtOAc (33 mL) was stirred under H2 (1 atm) overnight. The 
suspension was filtered over Celite® and the filtrate was concentrated to 
obtain 22 as a white solid (1.45 g, 3.75 mmol, 99% yield). Mp =
109–111 ◦C (from CH2Cl2). 1H NMR (360 MHz, acetone-d6) δ 7.29 (m, 
1H, H-2′), 7.27 - 7.21 (m, 2H, H-5′, H-6′), 6.95 (m, J4’,5’ = 7.6 Hz, 1H, H- 
4′), 5.18 (br s, 2H, –NH2), 4.41 (s, 2H, H-1), 1.46 (s, 9H, –C(CH3)3), 1.35 
(s, 9H, carbamate-C(CH3)3); 13C NMR (90.5 MHz, acetone-d6) δ 168.1 
(C2), 151.4 (-NCOOtBu), 149.7 (C3’), 141.7 (C1’), 130.1 (C5’), 119.5 
(C4’), 116.4 (C6’), 114.0 (C2’), 84.6 (carbamate-C(CH3)3), 82.3 (-C 
(CH3)3), 48.3 (C1), 28.1 (-C(CH3)3), 28.0 (carbamate-C(CH3)3); IR (ATR) 
3363, 2981, 1723, 1490, 1359, 1243, 1140 cm− 1. HRMS (ESI+) calcd. 
for [C17H26N2O8S+H]+ [M+H]+: 387.1590; found 387.1586. 

tert-Butyl N-{[3-({N-[(benzyloxy)carbonyl]glycyl}amino)phen 
yl]sulfonyl}-N-(tert-butoxycarbonyl)glycinate, 24. To a stirred so
lution of aniline 22 (84 mg, 0.22 mmol) in dry THF (2 mL) under N2 
atmosphere, a solution of Z-Gly-OH 23 (68 mg, 0.33 mmol), EDCI (60 
μL, 0.34 mmol), HOBt (44 mg, 0.34 mmol) and Et3N (0.12 mL, 0.86 
mmol) in dry THF (2.5 mL) was added. The reaction mixture was stirred 
overnight at rt. The reaction was quenched with water (5 mL) and 
extracted with EtOAc (8 mL). Then, the organic layer was washed with 
water (3 x 10 mL) and brine (10 mL), dried over anhydrous Na2SO4 and 
concentrated. The residue was purified by column chromatography 
(CHCl3/Et2O, 2:1) to furnish a white solid identified as carbamate 24 
(83 mg, 0.14 mmol, 66% yield). Mp = 134–137 ◦C (from CH2Cl2). 1H 
NMR (360 MHz, acetone-d6) δ 9.62 (s, 1H, –NH–2′′), 8.35 (s, 1H, H-2′), 
7.99 (br d, J4’,5’ = 8.8 Hz, 1H, H-4′), 7.77 (d, J6’,5’ = 7.9 Hz, 2H, H-6′), 
7.42 - 7.23 (m, 5H, phenyl), 6.73 (t, JNHCBz,1’’ = 5.8 Hz, 1H, -NHCBz), 
5.11 (s, 2H, -CH2-phenyl), 4.45 (S, 2H, H-1), 4.02 (d, J1′′,NHCBz = 6.0 Hz, 
2H, H-1′′), 1.46 (s, 9H, –C(CH3)3), 1.33 (s, 9H, carbamate-C(CH3)3); 13C 
NMR (90.5 MHz, acetone-d6) δ 169.2 (C2′′), 168.0 (C2), 157.6 (-NHCBz), 
151.1 (-NCOOtBu), 141.5 (C1’), 140.1 (C3’), 138.0 (C1′′′), 130.1 (C5’), 
129.2 (C4′′′), 128.7 (C2′′′, C3′′′), 124.7 (C4’), 123.7 (C6’), 119.7 (C2’), 85.0 
(carbamate-C(CH3)3), 82.5 (-C(CH3)3), 66.9 (-CH2-phenyl), 48.5 (C1), 
45.6 (C1′′), 28.1 (-C(CH3)3), 27.9 (carbamate-C(CH3)3); IR (ATR) 3423, 
3288, 1687, 1509, 1348, 1232, 1143 cm− 1. HRMS (ESI+) calcd. for 
[C27H35N3O9S+Na]+ [M+Na]+: 600.1992; found: 600.1985. 

tert-Butyl N-(tert-butoxycarbonyl)-N-{[3-(glycylamino)phenyl] 
sulfonyl}glycinate, 25. A mixture of 24 (262 mg, 0.45 mmol) and 10% 
Pd/C (33 mg) in MeOH (7.3 mL) was stirred under H2 (1 atm) overnight. 
The suspension was filtered over Celite® and the filtrate was concen
trated to obtain 25 as a brown solid (199 mg, 0.45 mmol, quant.). Mp =
81–83 ◦C (from CH2Cl2). 1H NMR (360 MHz, CDCl3) δ 9.67 (s, 1H, 
–NHCO–), 8.18 (dd, J4’,5’ = 8.0 Hz, J4’,2’ = 1.9 Hz, 1H, H-4′), 8.01 (t, 
J2’,4’ = J2’,6’ = 1.9 Hz, 1H, H-2′), 7.77 (ddd, J6’,5’ = 8.1 Hz, J6’,2’ = 1.9 
Hz, J6’,4’ = 0.9 Hz, 2H, H-6′), 7.47 (t, J5’,4’ = J5’,6’ = 8.0 Hz 1H, H-5′), 
4.45 (s, 2H, H-1), 3.48 (d, J1′′,NH2 = 3.3 Hz, 2H, H-1′′), 1.67 (br s, 2H, 
–NH2), 1.46 (s, 9H, –C(CH3)3), 1.33 (s, 9H, carbamate-C(CH3)3); 13C 
NMR (90.5 MHz, CDCl3): δ 171.1 (C2′′), 167.5 (C2), 150.5 (-NCOOtBu), 
140.5 (C1’/C3’), 138.2 (C1’/C3’), 129.6 (C5’), 124.2 (C4’), 123.7 (C6’), 
119.0 (C2’), 85.0 (carbamate-C(CH3)3), 82.5 (-C(CH3)3), 47.7 (C1), 45.2 
(C1′′), 28.1 (-C(CH3)3), 28.0 (carbamate-C(CH3)3); IR (ATR): 2981, 1731, 
1478, 1356, 1249, 1139 cm− 1. HRMS (ESI+) calcd. for 
[C19H29N3O7S+H]+ [M+H]+: 444.1804; found: 444.1804. 

tert-Butyl N-(tert-butoxycarbonyl)-N-[(3-{[N-(3-thienylacetyl) 
glycyl]amino}phenyl)sulfonyl] glycinate, 26c. To a stirred solution 
of aniline 25 (153 mg, 0.35 mmol) in dry THF (4 mL) under N2 atmo
sphere, a solution of 3-thiopheneacetic acid, 10c, (68 mg, 0.46 mmol), 
EDCI (80 μL, 0.46 mmol), HOBt (58 mg, 0.43 mmol) and DIPEA (0.20 
mL, 1.15 mmol) in dry THF (4 mL) was added. The reaction mixture was 
stirred overnight at rt. Then, the mixture was quenched with water (5 
mL) and extracted with EtOAc (8 mL). The organic layer was washed 
with water (3 x 10 mL) and brine (10 mL). The organic layer was dried 
over anhydrous Na2SO4 and concentrated in vacuo. The residue was 
purified by recrystallization in hexane/EtOAc (2:1) to furnish 26c as a 
white solid (105 mg, 0.18 mmol, 65% yield). Mp = 130–134 ◦C (from 
CH2Cl2). 1H NMR (360 MHz, acetone-d6) δ 9.57 (s, 1H, –NH–1′′), 8.32 
(br t, 1H, H-2′), 7.93 (br d, J4’,5’ = 8.0 Hz, 1H, H-4′), 7.76 (d, J6’,5’ = 8.0 
Hz, 1H, H-6′), 7.57 (t, J5’,4’ = J5’,6’ = 8.0 Hz, 1H, H-5′), 7.52 (m, 1H, 
–NHCO–), 7.41 (br dd, J5′′′,4′′′ = 4.7 Hz, J5′′′,2′′′ = 3.0 Hz, 1H, H-5′′′), 7.31 
(br s, 1H, H-2′′′), 7.12 (d, J4′′′ ,5′′′ = 4.7 Hz, 1H, H-4′′′), 4.46 (s, 2H, H-2), 
4.07 (s, 2H, H-2′′), 3.65 (s, 2H, -CH2-thiophene), 1.46 (s, 9H, –C(CH3)3), 
1.34 (s, 9H, carbamate-C(CH3)3); 13C NMR (100.6 MHz, acetone-d6) δ 
171.5 (-NHCO-), 168.9 (C1′′), 168.1 (C1), 151.2 (-NCOOtBu), 141.6 (C1’), 
140.1 (C3’), 136.6 (C1′′′), 130.2 (C5’), 129.6 (C4′′′), 126.4 (C5′′′), 124.7 
(C4’), 123.8 (C6’), 123.4 (C2′′′), 119.7 (C2’), 85.1 (carbamate-C(CH3)3), 
82.5 (-C(CH3)3), 48.5 (C1), 44.3 (C1′′), 38.0 (-CH2-thiophene), 28.1 (-C 
(CH3)3), 28.0 (carbamate-C(CH3)3); IR (ATR) 3391, 3274, 2975, 1740, 
1640, 1360, 1300, 1146 cm− 1. HRMS (ESI+) calcd. for 
[C25H33N3O8S2+Na]+ [M+H]+: 590.1607; found: 590.1603. 

tert-Butyl N-(tert-butoxycarbonyl)-N-[(3-{[N-(4-ethylbenzoyl) 
glycyl]amino}phenyl)sulfonyl] glycinate, 26d. Compound 26d was 
prepared as described for 26c by using solution of compound 25 (202 
mg, 0.46 mmol) in dry THF (5 mL) and a solution of a solution of 4-ethyl
benzoic acid, 10d (109 mg, 0.73 mmol), EDCI (120 μL, 0.73 mmol), 
HOBt (101 mg, 0.68 mmol) and DIPEA (0.32 mL, 1.84 mmol) in dry THF 
(6 mL) was added. The residue was purified by flash column chroma
tography (hexane/EtOAc, from 2:1 to 1:1) to furnish a white solid 
identified as compound 26d (227 mg, 0.39 mmol, 87% yield). Mp =
78–81 ◦C (from CH2Cl2). 1H NMR (360 MHz, acetone-d6) δ 9.71 (s, 1H, 
–NH–2′′), 8.34 (br t, J2’,4’ = J2’,6’ = 1.9 Hz, 1H, H-2′), 8.11 (br t, JNHCO,1’’ 
= 5.8 Hz, 1H, -NHCO-), 8.01 (dd, J4’,5’ = 8.2 Hz, J4’,2’ = 1.9 Hz, 1H, H- 
4′), 7.89 (d, J2′′′,3′′′ = 8.1 Hz, 2H, H-2′′′), 7.76 (dd, J6’,5’ = 8.0 Hz, J6’,2’ =

1.7 Hz, 1H, H-6′), 7.56 (t, J5’,4’ = J5’,6’ = 8.1 Hz, 1H, H-5′), 7.33 (d, 
J3′′′ ,2′′′ = 8.1 Hz, 2H, H-3′′′), 4.44 (s, 2H, H-1), 4.24 (d, J1′′ ,NHCO = 5.8 Hz 
2H, H-1′′), 2.70 (q, JCH2CH3,CH3 = 7.7 Hz, 2H, -CH2CH3), 1.45 (s, 9H, –C 
(CH3)3), 1.33 (s, 9H, carbamate-C(CH3)3), 1.23 (t, JCH3,CH2CH3 = 7.7 Hz, 
2H, -CH2CH3); 13C NMR (90.5 MHz, acetone-d6) δ 169.2 (C2′′), 168.0 
(C2), 167.9 (-NHCO-), 151.2 (-NCOOtBu), 148.9 (C4′′′), 141.5 (C1’/C3’), 
140.2 (C1’/C3’), 132.6 (C1′′′), 130.1 (C5’), 128.7 (C3′′′), 128.3 (C2′′′), 124.8 
(C4’), 123.7 (C6’), 119.8 (C2’), 85.0 (carbamate-C(CH3)3), 82.5 (-C 
(CH3)3), 48.5 (C1), 44.8 (C1′′), 29.3 (-CH2CH3), 28.1 (-C(CH3)3), 28.0 
(carbamate-C(CH3)3), 15.8 (-CH2CH3); IR (ATR) 3280, 2923, 1731, 
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1536, 1479, 1360, 1141 cm− 1. HRMS (ESI+) calcd. for 
[C28H37N3O8S+Na]+ [M+Na]+: 598.2199; found: 598.2204. 

tert-Butyl N-[(3-{[N-(1-benzothien-3-ylcarbonyl)glycyl]amino} 
phenyl)sulfonyl]-N-(tert-butoxycarbonyl)glycinate, 26e. Com
pound 26e was prepared as described for 26c by using a solution of 
compound 25 (153 mg, 0.35 mmol) in dry THF (6 mL) and a solution of 
commercially available benzothiophene-3-carboxylic acid, 10e (94 mg, 
0.53 mmol), EDCI (90 μL, 0.51 mmol), HOBt (73 mg, 0.54 mmol) and 
DIPEA (0.24 mL, 1.38 mmol) in dry THF (6 mL). The residue was pu
rified by column chromatography (CHCl3/Et2O, 2:1) to furnish 26e as a 
white solid (198 mg, 0.33 mmol, 95% yield). Mp = 134–137 ◦C (from 
CH2Cl2). 1H NMR (400 MHz, DMSO‑d6) δ 10.50 (s, 1H, -NH-1′′), 8.87 (t, 
JNHCO,2’’ = 6.0 Hz, 1H, -NHCO-), 8.48 (m, 1H, H-4′′′), 8.45 (s, 1H, H-2′′′), 
8.32 (br t, J2’,4’ = J2’,6’ = 1.9 Hz, 1H, H-2′), 8.06 (m, 2H, H-7′′′), 7.92 (br 
ddd, J4’,5’ = 8.1 Hz, J4’,2’ = 1.9 Hz, J4’,6’ = 1.1 Hz, 1H, H-4′), 7.68 (br 
ddd, J6’,5’ = 7.9 Hz, J6’,2’ = 1.8 Hz, J6’,4’ = 1.1 Hz, 1H, H-6′), 7.60 (t, 
J5’,4’ = J5’,6’ = 8.0 Hz, 1H, H-5′), 7.47 - 7.41 (m, 2H, H-5′′′, H-6′′′), 4.41 
(s, 2H, H-2), 4.12 (d, J2′′ ,NHCO = 6.0 Hz, 2H, H-2′′), 1.40 (s, 9H, –C 
(CH3)3), 1.27 (s, 9H, carbamate-C(CH3)3; 13C NMR (100.6 MHz, 
DMSO‑d6) δ 168.5 (C1′′), 167.0 (C1), 163.6 (-NHCO-), 149.9 
(-NCOOtBu), 139.7 (C1‘), 139.4 (C3’), 139.3 (C3a’’’), 137.2 (C7a’’’), 131.3 
(C2′′′), 130.4 (C3′′′), 129.7 (C5’), 124.9 (C6′′′), 124.8 (C5′′′), 124.5 (C4′′′), 
123.8 (C4’), 122.7 (C7′′′), 122.1 (C6’), 118.3 (C2’), 84.3 (carbamate-C 
(CH3)3), 81.8 (-C(CH3)3), 47.7 (C2), 43.0 (C2′′), 27.5 (-C(CH3)3), 27.3 
(carbamate-C(CH3)3); IR (ATR) 3260, 2981, 1733, 1628, 1348, 1228, 
1138, cm− 1. HRMS (ESI+) calcd. for [C28H33N3O8S2+H]+ [M+H]+: 
604.1787; found: 604.1771. 

tert-Butyl N-(tert-butoxycarbonyl)-N-{[3-({N-[4-(methylamino) 
benzoyl]glycyl}amino) phenyl]sulfonyl}glycinate, 26h. Com
pound 26h was prepared as described for 26c by using a solution of 
compound 25 (128 mg, 0.29 mmol) in dry THF (5 mL) and a solution of 
commercially available 4-(methylamino)benzoic acid, 10h (70 mg, 
0.46 mmol), EDCI (80 μL, 0.45 mmol), HOBt (60 mg, 0.44 mmol) and 
DIPEA (0.20 mL, 1.15 mmol) in dry THF (5 mL). The residue was pu
rified by column chromatography (hexane/EtOAc, 1:1) to furnish 26h as 
a white solid (155 mg, 0.27 mmol, 93% yield). Mp = 100–103 ◦C (from 
CH2Cl2). 1H NMR (400 MHz, acetone-d6) δ 9.78 (s, 1H, –NH–1′′), 8.34 (s, 
1H, H-2′), 7.99 (d, J4’,5’ = 8.1 Hz, 1H, H-4′), 7.87 (br s, 1H, -NHCO-), 
7.79 (d, J2′′′ ,3′′′ = 8.5 Hz, 2H, H-2′′′), 7.74 (d, J6’,5’ = 8.1 Hz, 1H, H-6′), 
7.54 (t, J5’,4’ = J5’,6’ = 8.1 Hz, 1H, H-5′), 6.62 (d, J3′′′,2′′′ = 8.4 Hz, 2H, H- 
3′′′), 5.57 (br q, JNHCH3,CH3 = 5.2 Hz, 1H, -NHCH3), 4.44 (s, 2H, H-2), 
4.21 (d, J2′′,NHCO = 5.2 Hz 2H, H-2′′), 2.83 (d, JCH3,NHCH3 = 5.2 Hz, 3H, 
-CH3), 1.47 (s, 9H, –C(CH3)3), 1.33 (s, 9H, carbamate-C(CH3)3); 13C 
NMR (100.6 MHz, acetone-d6) δ 169.7 (C1′′), 168.2 (-NHCO-), 168.0 
(C1), 153.7 (C4′′′), 151.2 (-NCOOtBu), 141.5 (C1’), 140.3 (C3’), 130.1 
(C5’), 129.8 (C2′′′), 124.8 (C4’), 123.7 (C6’), 121.8 (C1′′′), 119.7 (C2’), 
111.6 (C3′′′), 85.0 (carbamate-C(CH3)3), 82.5 (-C(CH3)3), 48.5 (C1), 45.0 
(C1′′), 29.6 (-CH3), 28.1 (-C(CH3)3), 28.0 (carbamate-C(CH3)3); IR (ATR) 
3414, 2980, 1730, 1604, 1509, 1302, 1140 cm− 1. HRMS (ESI+) calcd. 
for [C27H36N4O8S+H]+ [M+H]+: 577.2332; found: 577.2329. 

tert-Butyl N-(tert-butoxycarbonyl)-N-[(3-{[N-(quinolin-3-ylcar
bonyl)glycyl]amino}phenyl) sulfonyl]glycinate, 26i. Compound 
26i was prepared as described for 26c by using a solution of compound 
25 (36 mg, 81 μmol) in dry THF (1.5 mL) and a solution of commercially 
available 3-quinolinecarboxylic acid, 10i, (27 mg, 0.16 mmol), EDCI 
(22 μL, 0.13 mmol), HOBt (20 mg, 0.15 mmol) and DIPEA (60 μL, 0.34 
mmol) in dry THF/DMF (2 mL/0.2 mL). The residue was purified by 
column chromatography (EtOAc, 100%) to furnish 26i as a yellow solid 
(42 mg, 0.07 mmol, 86% yield). Mp = 155 ◦C (from CH2Cl2). 1H NMR 
(360 MHz, acetone-d6) δ 9.77 (s, 1H, –NH–1′′), 9.40 (d, J2′′′ ,4′′′ = 2.0 Hz, 
1H, H-2′′′), 8.87 (d, J4′′′ ,2′′′ = 2.0 Hz, 1H, H-4′′′), 8.54 (br t, JNHCO,2’’ = 5.6 
Hz, 1H, -NHCO-), 8.37 (s, 1H, H-2′), 8.11 (d, J8′′′ ,7′′′ = 8.7 Hz, 1H, H-8′′′), 
8.07 (d, J5′′′ ,6′′′ = 8.0 Hz, 1H, H-5′′′), 8.01 (d, J4’,5’ = 8.2 Hz, 1H, H-4′), 
7.87 (m, 1H, H-7′′′), 7.77 (d, J6’,5’ = 8.1 Hz, 1H, H-6′), 7.68 (m, 1H, H- 
6′′′), 7.57 (t, J5’,4’ = J5’,6’ = 8.1 Hz, 1H, H-5′), 4.45 (s, 2H, H-2), 4.36 (d, 
J2′′,NHCO = 5.8 Hz, 2H, H-2′′), 1.45 (s, 9H, –C(CH3)3), 1.33 (s, 9H, 

carbamate-C(CH3)3); 13C NMR (90.5 MHz, acetone-d6): δ 168.8 (C1′′), 
168.0 (C1), 166.6 (-NHCO-), 151.2 (-NCOOtBu), 150.2 (C8a’’’), 149.8 
(C2′′′), 141.5 (C1’), 140.1 (C3’), 136.3 (C4′′′), 131.9 (C7′′′), 130.2 (C8′′′), 
130.1 (C5’), 129.9 (C5′′′), 128.2 (C6′′′), 127.7 (C3′′′), 127.6 (C4a’’’), 124.8 
(C4’), 123.8 (C6’), 119.8 (C2’), 85.0 (carbamate-C(CH3)3), 82.5 (-C 
(CH3)3), 48.5 (C1), 44.7 (C1′′), 28.1 (-C(CH3)3), 28.0 (carbamate-C 
(CH3)3); IR (ATR) 3281, 2980, 1730, 1647, 1535, 1358, 1140 cm− 1. 
HRMS (ESI+) calcd. for [C29H34N4O8S+H]+ [M+H]+: 599.2176; found 
599.2168. 

N-[(3-{[N-(3-Thienylacetyl)glycyl]amino}phenyl)sulfonyl] 
glycine, 17c. To a stirred solution of compound 28c (104 mg, 0.18 
mmol) in CH2Cl2 (1.0 mL), trifluoroacetic acid (0.77 mL, 10.07 mmol) 
was added. The mixture was stirred at rt for 5 h. Then, the solution was 
concentrated under vacuum and the resulting solid was washed with 
cold CH2Cl2 to furnish 17c as a white solid (74 mg, 0.18 mmol, quant. 
yield). Mp = 175–179 ◦C (from CH2Cl2). 1H NMR (400 MHz, DMSO‑d6) δ 
12.68 (br s, 1H, –COOH), 10.32 (s, 1H, –NH–2′′), 8.39 (t, JNHCO,1’’ = 5.8 
Hz, 1H, –NHCO–), 8.11 (s, 1H, H-2′), 8.06 (m, 1H, –NHSO2-), 7.79 (d, 
J4’,5’ = 7.9 Hz, 1H, H-4′), 7.51 (t, J5’,4’ = J5’,6’ = 7.8 Hz, 1H, H-5′), 7.47 - 
7.45 (m, 2H, H-6′, H-5′′′), 7.29 (m, 1H, H-2′′′), 7.07 (dd, J4′′′ ,5′′′ = 4.9 Hz, 
J4′′′ ,2′′′ = 1.1 Hz, 1H, H-4′′′), 3.92 (m, 2H, H-1′′), 3.58 (d, J1,NHSOO = 5.7 
Hz, 2H, H-1), 3.54 (s, 2H, –CH2-thiophene); 13C NMR (100.6 MHz, 
DMSO‑d6): δ 170.4 (C2), 170.2 (–NHCO–), 168.3 (C2′′), 141.2 (C1’), 
139.4 (C3’), 136.0 (C3′′′), 129.7 (C5’), 128.8 (C4′′′), 125.7 (C5′′′), 122.5 
(C4’), 122.3 (C2′′′), 121.0 (C6’), 116.8 (C2’), 43.8 (C1), 42.8 (C1′′), 36.8 
(–CH2–thiophene); IR (ATR) 3265, 2402, 1728, 1627, 1413, 1341, 1247, 
1159 cm− 1. HRMS (ESI-) calcd. for [C16H17N3O6S2–H]- [M − H]-: 
410.0481; found: 410.0488. 

N-[(3-{[N-(4-Ethylbenzoyl)glycyl]amino}phenyl)sulfonyl] 
glycine, 17d. Compound 17d was prepared as described for 17c by 
using compound 26d (208 mg, 0.36 mmol), TFA (1.50 mL, 19.87 mmol) 
in CH2Cl2 (2.20 mL). The residue was washed with CH2Cl2 to furnish 
17d as a white solid (150 mg, 0.36 mmol, quant.). Mp = 222–225 ◦C 
(from CH2Cl2). 1H NMR (400 MHz, DMSO‑d6) δ 10.38 (s, 1H, -NH-2′′), 
8.80 (t, JNHCO,1’’ = 5.9 Hz, 1H, -NHCO-), 8.13 (br t, J2’,4’ = J2’,6’ = 1.8 
Hz, 1H, H-2′), 8.07 (br t, JNHSOO,1 = 5.9 Hz, 1H, -NHSO2-), 7.84 (d, 
J2′′′ ,3′′′ = 8.3 Hz, 2H, H-2′′′), 7.81 (m, 3H, H-4′), 7.51 (t, J5’,4’ = J5’,6’ =

7.9 Hz, 1H, H-5′), 7.47 (dt, J6’,5’ = 8.0 Hz, J6’,2’ = J6’,4’ = 1.5 Hz, 1H, H- 
6′), 7.32 (d, J3′′′ ,2′′′ = 8.3 Hz, 2H, H-3′′′), 4.07 (d, J1′′ ,NHCO = 5.9 Hz, 2H, 
H-1′′), 3.58 (d, J1,NHSOO = 5.7 Hz 2H, H-1), 2.66 (q, JCH2CH3,CH3 = 7.4 Hz, 
2H, -CH2CH3), 1.20 (t, JCH3,CH2CH3 = 7.5 Hz, 2H, -CH3); 13C NMR (100.6 
MHz, DMSO‑d6): δ 170.2 (C2), 168.4 (C2′′), 166.6 (-NHCO-), 147.5 (C4′′′), 
141.2 (C1’/C3’), 139.5 (C1’/C3’), 131.4 (C1′′′), 129.7 (C5’), 127.7 (C3′′′), 
127.5 (C2′′′), 122.5 (C4’), 121.0 (C6’), 116.9 (C2’), 43.8 (C1), 43.4 (C1′′), 
28.1 (-CH2CH3), 15.8 (-CH2CH3); IR (ATR) 3324, 2935, 1731, 1598, 
1544, 1306, 1149 cm− 1. HRMS (ESI+) calcd. For [C19H21N3O6S+H]+

[M+H]+: 420.1229; found: 420.1216. 
N-[(3-{[N-(1-Benzothien-3-ylcarbonyl)glycyl]amino}phenyl) 

sulfonyl]glycine, 17e. Compound 17e was prepared as described for 
17c by using compound 26e (114 mg, 0.19 mmol), TFA (0.79 mL, 10.32 
mmol) in CH2Cl2 (2.2 mL). The residue was washed with hexane/Et2O 
(1:1) to furnish 17e as a white solid (84 mg, 0.19 mmol, quant.). Mp =
213–216 ◦C (from CH2Cl2). 1H NMR (400 MHz, DMSO‑d6) δ 10.44 (s, 
1H, -NH-1′′), 8.87 (t, JNHCO,2’’ = 5.9 Hz, 1H, -NHCO-), 8.48 (m, 1H, H- 
4′′′), 8.46 (s, 1H, H-2′′′), 8.14 (br t, J2’,4’ = J2’,6’ = 1.8 Hz, 1H, H-2′), 8.09 
(t, JNHSOO,2 = 6.2 Hz, 1H, -NHSO2-), 8.06 (m, 1H, H-7′′′), 7.84 (m, 1H, H- 
4′), 7.53 (t, J5’,4’ = J5’,6’ = 7.9 Hz, 1H, H-5′), 7.49 (m, 1H, H-6′), 7.47 - 
7.40 (m, 2H, H-5′′′, H-6′′′), 4.12 (d, J2′′,NHCO = 5.9 Hz, 2H, H-2′′), 3.58 (d, 
J2,NHSOO = 6.2 Hz, 2H, H-2); 13C NMR (100.6 MHz, DMSO‑d6) δ 170.2 
(C1), 168.4 (C1′′), 163.6 (-NHCO-), 141.2 (C1’), 139.5 (C3’), 139.5 
(C3a’’’), 137.2 (C7a’’’), 131.3 (C2′′′), 130.4 (C3′′′), 129.7 (C5’), 124.9 (C6′′′), 
124.9 (C5′′′), 124.5 (C4′′′), 122.8 (C7′′′), 122.5 (C4’), 121.1 (C6’), 116.9 
(C2’), 43.8 (C2), 43.0 (C2′′); IR (ATR) 3256, 1732, 1633, 1531, 1408, 
1306, 1159 cm− 1. HRMS (ESI+): calcd. for [C19H17N3O6S2+H]+

[M+H]+: 448.0637; found: 448.0633. 
N-{[3-({N-[(Benzyloxy)carbonyl]glycyl}amino)phenyl] 
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sulfonyl}glycine, 17g. To a stirred solution of compound 24 (231 mg, 
0.40 mmol) in CH2Cl2 (2.0 mL), TFA (1.69 mL, 22.08 mmol) was added. 
The mixture was stirred at rt for 5 h. Then, the solution was concentrated 
under vacuum and the resulting solid was washed with hexane/Et2O 
(1:1) to furnish 17g as a white solid (166 mg, 0.39 mmol, quant. yield). 
Mp = 160–165 ◦C (from CH2Cl2). 1H NMR (360 MHz, DMSO‑d6) δ 12.70 
(br s, 1H, -COOH), 10.31 (s, 1H, -NH-2′′), 8.10 (s, 1H, H-2′), 8.08 (t, 
JNHSO2,1 = 5.8 Hz, 1H, –NHSO2-), 7.80 (d, J4’,5’ = 7.9 Hz, 1H, H-4′), 7.61 
(br t, JNHCOO,1’’ = 5.9 Hz, 1H, -NHCBz), 7.53 - 7.45 (m, 2H, H-5′, H-6′), 
7.38 - 7.23 (m, 5H, phenyl), 5.05 (s, 2H, -CH2-phenyl), 3.82 (d, J1′′, 

NHCOO = 6.2 Hz, 2H, H-1′′), 3.56 (s, d, J1,NHSOO = 6.1 Hz, 2H, H-1′′); 13C 
NMR (90.5 MHz, DMSO‑d6) δ 170.2 (C2), 168.5 (C2′′), 156.6 (-NHCBz), 
141.2 (C1’), 139.4 (C3’), 137.0 (C1′′′), 129.7 (C5’), 128.4 (C3′′), 127.8 
(C2′′′, C4′′′), 122.4 (C4’), 121.0 (C6’), 116.8 (C2’), 65.6 (-CH2-phenyl), 44.1 
(C1′′), 43.8 (C1). IR (ATR): 3285, 1685, 1594, 1525, 1433, 1246, 1154 
cm− 1. HRMS (ESI+): calcd. for [C18H19N3O7S+Na]+: 444.0841; 
[M+Na]+ found: 444.0839. 

N-{[3-({N-[4-(Methylamino)benzoyl]glycyl}amino)phenyl] 
sulfonyl}glycine, 17h. Compound 17h was prepared as described for 
17c by using compound 26h (84 mg, 0.15 mmol), TFA (0.61 mL, 8.03 
mmol) in CH2Cl2 (0.8 mL). The residue was solved in acetone and 
CH2Cl2 was added to precipitate 17h as a white solid (60 mg, 0.14 
mmol, quant). Mp = 225–230 ◦C (from CH2Cl2). 1H NMR (400 MHz, 
DMSO‑d6) δ 10.33 (s, 1H, –NH–1′′), 8.43 (br t, JNHCO,2’’ = 5.5 Hz, 1H, 
-NHCO-), 8.12 (s, 1H, H-2′), 8.07 (t, JNHSOO,2 = 5.9 Hz, 1H, –NHSO2-), 
7.82 (d, J4’,5’ = 8.0 Hz, 1H, H-4′), 7.69 (d, J2′′′ ,3′′′ = 8.8 Hz, 2H, H-2′′′), 
7.51 (t, J5’,4’ = J5’,6’ = 8.0 Hz, 1H, H-5′), 7.46 (d, J6’,5’ = 8.0 Hz, 1H, H- 
6′), 6.55 (d, J3′′′ ,2′′′ = 8.8 Hz, 2H, H-3′′′), 4.01 (d, J2′′,NHCO = 5.3 Hz, 2H, 
H-2′′), 3.57 (d, J2,NHSOO = 5.9 Hz, 2H, H-2), 2.72 (s, 3H, -CH3); 13C NMR 
(90.5 MHz, DMSO‑d6): δ 169.5 (C1), 168.4 (C1), 166.5 (-NHCO-), 152.0 
(C4′′′), 141.1 (C1’), 139.1 (C3’), 129.0 (C5’), 128.4 (C2′′′), 122.4 (C4’), 
120.6 (C6’), 120.5 (C1′′′), 116.8 (C2’), 110.2 (C3′′′), 43.6 (C2), 43.2 (C2′′), 
29.0 (-CH3); IR (ATR) 3391, 3328, 2449, 1719, 1601, 1525, 1300, 1152 
cm− 1. HRMS (ESI+): calcd. for [C18H20N4O6S+H]+ [M+H]+: 421.1182; 
found: 421.1182. 

N-[(3-{[N-(Quinolin-3-ylcarbonyl)glycyl]amino}phenyl)sulfo
nyl]glycine, 17i. Compound 17i was prepared as described for 17c by 
using compound 26i (172 mg, 0.29 mmol), TFA (1.20 mL, 15.81 mmol) 
in CH2Cl2 (2 mL). The residue was solved in acetone and recrystalized 
adding CH2Cl2. The resulting white solid was washed with hexane to 
obtain 17i (125 mg, 0.28 mmol, quant. yield). Mp = > 230 ◦C (from 
CH2Cl2). 1H NMR (360 MHz, DMSO‑d6) δ 10.45 (s, 1H, –NH–1′′), 9.37 (s, 
1H, H-2′′′), 9.32 (br t, JNHCO,2’’ = 5.5 Hz, 1H, -NHCO-), 8.97 (s, 1H, H- 
4′′′), 8.17-8.11 (m, 3H, H-2′, H-5′′′, H-8′′′), 8.07 (m, 1H, -NHSO2-), 7.92 
(t, J7′′′ ,6′′′ = J7′′′,8′′′ = 7.5 Hz, 1H, H-7′′′), 7.83 (d, J4’,5’ = 7.7 Hz, 1H, H-4′), 
7.74 (t, J6′′′ ,5′′′ = J6′′′,7′′′ = 7.5 Hz, 1H, H-6′′′), 7.55 - 7.47 (m, 2H, H-5′, H- 
6′), 4.19 (d, J2′′ ,NHCO = 5.5 Hz, 2H, H-2′′), 3.58 (d, J2,NHSOO = 5.8 Hz, 2H, 
H-2); 13C NMR (90.5 MHz, DMSO‑d6): δ 170.2 (C1), 168.1 (C1′′), 165.2 
(-NHCO-), 148.6 (C2′′′), 147.7 (C8a’’’), 141.2 (C1’), 139.4 (C3’), 136.6 
(C4′′′), 131.7 (C7′′′), 129.7 (C5’), 129.3 (C5′′′), 128.2 (C8′′′), 127.7 (C6′′′), 
126.7 (C3′′′), 126.6 (C4a’’’), 122.6 (C4’), 121.1 (C6’), 116.9 (C2’), 43.8 
(C1′′), 43.4 (C1’); IR (ATR) 3253, 3083, 1648, 1594, 1518, 1428, 1314, 
1155 cm− 1. HRMS (ESI+): calcd. for [C20H18N4O6S+H]+ [M+H]+: 
443.1025; found: 443.1019. 

3.2. Molecular modeling 

The crystal structure of the AKAP79-derived peptide IAIIIT and CNA 
(PDB code 3LL8) was used for the docking calculations. For the docking, 
selected compounds were flexibly docked into the binding sites of re
ceptor using AutoDock Vina. The Auto Dock Tools program was used to 
prepare the corresponding protein file. The protein was held rigid during 
the docking process, while ligands were allowed to be flexible. Docking 
simulations were performed using a grid box with dimensions of 25 ×
25 × 30 Å, a search space of 10 binding modes, and the exhaustiveness 
parameter was set to 50. 

3.3. Biological evaluation 

3.3.1. Materials and methods 

3.3.1.1. Cell lines. The mouse triple negative breast cancer 4T1 cell line 
was obtained from ATCC. Cells were cultured in DMEM high glucose 
with Glutamax supplemented with 10% fetal bovine serum (FBS), 100 
U/ml penicillin and 100 μg/ml streptomycin, at 37 ◦C and 5% CO2. Cells 
were expanded when reached 90% confluence. Viability was monitored 
before and after injection, that should be >90%. For cytotoxicity assays, 
HEK293T, CP15T, 768O, BxPC-3, PANC-1, HCI–H1650, A549 cell lines 
were grown in DMEM high glucose with Glutamax supplemented with 
10% FBS and antibiotics. 

Purified CD4+ T cells were maintained in RPMI high glucose with 
Glutamax supplemented with 10% FBS, 100 U/ml penicillin and 100 μg/ 
ml streptomycin, at 37 ◦C and 5% CO2. 

3.3.1.2. Fluorescence polarization. In fluorescence polarization (FP) 
competition assays of the CNA-SPRIEIT (NFATc2-derived peptide) 
interaction, 10 μM of human CNAα (amino acids 2–347) were pre
incubated with different concentrations of each inhibitory molecule in 
OptiPlate black 384-well flat-bottom plates (PerkinElmer Life Sciences) 
for 15 min at rt. Carboxyfluorescein (CF)- tagged NFATc2-derived 
SPRIEIT peptide (CF-SPRIEIT, 10 nM) was added to each well and 
incubated for 15 more min. Measurements were performed using a 
Victor™ X5 2030 Multilabel Reader (PerkinElmer Life Sciences) with 
excitation and emission wavelengths of 485 nm and 535 nm, respec
tively. All data were obtained from triplicates of at least three inde
pendent experiments. 

3.3.1.3. Calcineurin phosphatase activity. CNA phosphatase activity to
wards the p-nitrophenylphosphate (pNPP) substrate was measured. 
Briefly, to determine the optimal concentration of CNA in the assay 
increasing concentrations of human CNAα (amino acids 2–347) were 
incubated with 5 mM pNPP in 100 μl final volume in 1x colorimetric 
assay buffer (20 mM Tris-HCl, 5 mM MgCl2, 1 mM EGTA, 0.02% 
β-mercaptoethanol and 0.1 mg/ml BSA) for 30 min at 30 ◦C in 96-well 
microtiter plates. Reaction was stopped by adding 10 μL 5 N NaOH 
and read 405 nm wavelength on a Victor™ X5 2030 Multilabel Reader 
(PerkinElmer Life Sciences). 

For the assessment of CNA phosphatase activity inhibition by 
inhibitory hit molecules, preincubation of 0.5 μM human CNAα and 
inhibitors at 50 μM final concentration in 1x colorimetric assay buffer 
was carried out at 30 ◦C. After 30 min of incubation, pNPP was added to 
each well and incubated for 30 more min at 30 ◦C. Reaction was stopped 
and read as before. 50 μM ZnCl2 was used as a negative control of CNA 
phosphatase activity. Background values obtained from a sample con
taining pNPP but not CNA was subtracted to each sample. Data were 
obtained from triplicates of three independent experiments. 

3.3.1.4. NFATc activity. NFATc activity was determined by using a 
3xNFAT-luc plasmid under the control of a NFATc promoter. Briefly, 7.5 
× 104 HEK 293T cells per well were seeded in 48-well plates. The next 
day, each well was transfected with 100 ng of 3xNFAT-luc reporter 
plasmid and 1 ng pRLnull as internal control of transfection using CaCl2 
transfection technique. Then, 24 h after transfection, cells were treated 
with indicated concentration of the selected compounds for 2 h and then 
stimulated with 1 μM ionomycin (Io), 10 nM phorbol 12-myristate 13- 
acetate (PMA) and 10 mM CaCl2, unless otherwise specified, for 4 h. 
Cyclosporin A (CsA, 1 μM) was used as positive control of CN phos
phatase activity inhibition. After stimulation, cells were lysed, and crude 
extracts were analyzed for luciferase gene expression using the Dual- 
Luciferase Reporter Assay (Promega) following manufacturer’s in
structions on a Victor™ X5 2030 Multilabel Reader (PerkinElmer Life 
Sciences). Luciferase units were normalized to Renilla luciferase values. 
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The NFATc activity value, in the absence of any compound, was 
considered as 100% (positive control of CN activity). Data were obtained 
from at least three independent experiments. Data from Dose-Response 
experiment is plotted in a XY dispersion plot. IC50 values are calculated 
using non-linear regression curve (three-way) in GraphPad Prism8. 

3.3.1.5. Human T cell proliferation and cytokine production. Human pe
ripheral blood mononucleated cells (hPMBC) were isolated from healthy 
donors using Ficoll gradient. CD4+ T cells were purified using autoMACS 
CD4 MicroBead human kit II (Miltenyi) according to manufacturer’s 
instructions. CD4+ T cells (1 × 105 cells/well) were seeded in 96-plate 
and treated with the indicated inhibitory compounds at 10 and 1 μM 
for 2 h. Next, the lymphocytes were activated with anti-CD3/anti-CD28 
beads (Dynabeads human T-activator CD3/CD28, Gibco), at a ratio of 
10 cells per bead. IL2 and IFNγ production was measured by ELISA (BD 
Pharmingen) in supernatants collected after 48 h of culture, following 
manufacturer’s instructions. T cell proliferation was tested at 72 h by 
measuring [3H]-thymidine incorporation on DNA. Briefly, 0.5 μCi of 
[3H]- thymidine was added to each well after 48 h of culture. Twelve 
hours later, cells were harvested, and the incorporated radioactivity was 
measured using a scintillation counter (TopCount). 

3.3.1.6. RNA extraction and real-time PCR. Isolated hPBMC were 
treated with each compound for 2 h. Cells were calcium stimulated with 
Ionomycin (1 μM), PMA (20 nM) and CaCl2 (10 mM) for 4 h. RNA from 
stimulated hPBMC was extracted using RNAeasy Kit (QIAGEN) 
following manufacturer’s instructions. A total of 1 μg RNA were used to 
synthesize cDNA using Superscript III (Invitrogen). Quantitative PCR 
experiments were performed using probes from the Universal probe 
Library (UPL) (Roche). PCR reactions were carried out in triplicates in a 
Lightcycler 480 System (Roche). Human HPRT1 gene amplification was 
used as housekeeping internal control. The sequences for the primers 
used are hINFγ fwd: GGCATTTTGAAGAATTGGAAAG, hINFγ rev: 
TTTGGATGCTCTGGTCATCTT, hIL2 fwd: AAGTTTTACATGCCCAA
GAAGG, hIL2 rev: AAGTGAAAGTTTTTGCTTTGAGCTA, hHPRT fwd: 
TGACCTTGATTTATTTTGCATACC, hHPRT rev: CGGCAAGACGTTC 
AGTCCT. 

3.3.1.7. Cell viability assay. The cytotoxicity of the NFATc inhibitory hit 
compounds in several human and mouse normal and tumor cell lines 
were determined by Cell Titer-Glo luminescent cell viability assay 
(Promega). Briefly, cells were treated with different concentrations (0, 
1, 10 μM) of inhibitory compounds in a total volume of 100 μL/well for 
2 h, and then 100 μL Cell Titer-Glo reagent was added into each well, 
and luminescence was recorded in a Victor X5 microplate reader (Per
kinElmer). Cell viability was expressed as the mean percentage of 
luminescence values (RLU) of each sample relative to untreated control 
cells that were considered as 100%. 

Animal experimentation is performed in accordance with local, na
tional and European legislation. The Parc Científic de Barcelona (PCB) 
Ethical Committee approved all the procedures for Animal Experimen
tation and the procedure accepted by the competent authorities, Gen
eralitat de Catalunya, is number 9912. 

For primary tumor growth, 4T1 cells in exponential growth were 
injected (0.5 × 106 cells/animal) in 50 μl of a 1:1 mixture of DMEM and 
Matrigel (Corning, 356234) into the number four mammary fat pad mice 
(8 weeks, female, 18–19 g). A chip identified each animal and tumor 
growth was monitored biweekly measuring the diameter of tumors. 
When tumors reached a volume more than 100 mm3 (at day 11 from cell 
injection), mice were distributed randomly in four groups of 9–10 ani
mals each one. The treatment for each group was: 1) vehicle (DMSO), 2) 
compound 5a, 3) compound 4 and 4) FK506, as a negative control of CN 
activity. Compounds 5a and 4 were administered daily at 50 mg/kg/ 
animal and FK506 at 5 mg/kg/animal (Monday to Friday). After 15 days 
of treatment animals were killed, tumors were surgically removed, and 

tissue samples were either immediately frozen or fixed in 4% para
formaldehyde and paraffin embedded. 

3.3.1.8. Immunohistochemistry. For IHC analysis of mouse TNBC sam
ples, paraffin sections (4 μm thickness) were blocked with 10% BSA for 
1 h and then stained with anti-CD31 (rabbit-Abcam) by overnight in
cubation at 4 ◦C. Sections were washed and incubated with Ultra
VisionQuanto Detection System HRP (Thermo Scientific). Tissue 
sections were incubated with 3,3′-Diaminobenzidine (DAB) chromogen 
(Thermo Scientific) and counterstained with hematoxylin, dehydrated 
and mounted with DPX (Sigma). Antibody staining quantification was 
performed on at least five different high-power field (HPF) per sample, 
20x magnification (Nikon Eclipse 80i). 
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