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ABSTRACT: Haspin is an emerging, but rather unexplored,
divergent kinase involved in tumor growth by regulating the
mitotic phase. In this paper, the in-silico design, synthesis, and
biological characterization of a new series of substituted indoles
acting as potent Haspin inhibitors are reported. The synthesized
derivatives have been evaluated by FRET analysis, showing very
potent Haspin inhibition. Then, a comprehensive in-cell inves-
tigation highlighted compounds 47 and 60 as the most promising
inhibitors. These compounds were challenged for their synergic
activity with paclitaxel in 2D and 3D cellular models, demonstrating
a twofold improvement of the paclitaxel antitumor activity.
Compound 60 also showed remarkable selectivity when tested in
a panel of 70 diverse kinases. Finally, in-silico studies provided new
insight about the chemical requirements useful to develop new Haspin inhibitors. Biological results, together with the drug-likeness
profile of 47 and 60, make these derivatives deserving further studies.

■ INTRODUCTION
Interconnections between deregulation of epigenetic modifica-
tions and cancer progression have been widely clarified during
the last decades, arising in crucial alterations of gene expression
and, consequentially, of protein production.1−4

Epigenetic regulation principally occurs through different
mechanisms represented by DNA methylation, small non-
coding RNAs, and histone modifications.5−8 Post-translational
histone modifications at their N-terminal tails consist of
reversible methylation, acetylation, ubiquitination, phosphor-
ylation, sumoylation, and ADP ribosylation.9,10 These changes
create a code in the chromatin structure that can be read by
other proteins, triggering a series of downstream events.
In the chromatin remodeling process, histone phosphor-

ylation is a pivotal mark for different activities, including DNA
damage reparation, gene transcription, cellular proliferation,
apoptosis, and cell cycle progression, but it is also linked to other
epigenetic modifications.11,12

Phosphorylation of histonic serine, threonine, and tyrosine
residues is catalyzed by a high number of protein kinases, such as
yTel1 and yMec1,13 RSK2,14 MSK1 and MSK2,15 ERK, p38,16

Fyn,17 Janus kinase 2 (JAK2),18 Aurora B.19 Among these,
Haspin (haploid germ cell−specific nuclear protein kinase) is a

recently characterized serine/threonine kinase,20 codified by the
germ cell−specific gene 2 (GSG2), and its mediated
phosphorylation is specific for Thr-3 in histone H3 (H3T3).20,21

Haspin is known as a divergent kinase due to its low homology
with the catalytic sites of other human kinases. Principally, these
differences feature in a lack of typical sequences, such as the triad
Asp-Phe-Gly (DFG), usually responsible for the ATP/Mg2+
recognition, which is replaced by the Asp-Tyr-Thr (DYT)
sequence, and the presence of a characteristic motif, Ala-Pro-Glu
(APE), located at the terminus of the activation segment.20,22

Haspin is compartmentalized in the cellular nucleus, and its
activation occurs during early mitosis, by the removal of the
autoinhibitory domain from the catalytic region, catalyzed by
several phosphorylations from Cdk1 and Polo-like kinase. Once
activated, Haspin associates with condensing chromosomes
reaching a higher concentration in the centromeric sites.23,24
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Phosphorylation of H3T3 (Ph-H3T3) is a crucial event in
mitosis; in fact, this site represents an anchorage point for the
chromosome passenger complex (CPC) at the centromere.25

The binding of the CPCmember, Aurora B, in this region allows
a correct kinetochore/spindle-microtubule attachment,26 assur-
ing a productive chromosome segregation.27,28 In addition, Ph-
H3T3 is fundamental for the interaction with many centromeric
proteins, among which is heterochromatin HP1, that is
responsible for the maintenance of sister chromatid cohesion.29

Defects in chromosome segregation, potentially related to a
deregulation of Haspin expression, is at the basis of genomic
instability and aneuploidy, which are directly connected with
cancer insurgence,30 and the silencing of the Haspin gene leads
to a failure of chromosome segregation, activating the spindle
assembly checkpoint (SAC) followed by mitotic arrest.31 For
these reasons, Haspin is considered an emerging target in the
antitumor field. Notably, Haspin resulted to be overexpressed in
many tumors, such as colon, skin, lung, pancreas, prostate,
breast, and numerous other forms of cancers with a direct
correlation between the protein level and the severity of the
malignancy.22

Considering this assumption, some natural and synthetic
compounds have been investigated as Haspin inhibitors.32 They
are characterized by different chemical structures, such as
acridine,33 β-carboline,34 ribofuranosyl,35 propylimidazo-pyr-

idazin,36 adenosine analogue oligoarginine conjugate (ARC)-
type bisubstrate,37 thioadenosine,38 pyridoquinazoline,39 pyr-
idopiperazine,40 and pyrazoloquinoline,41 which are able to
block Haspin activity with an IC50 ranging from sub-μM to sub-
nM (Figure 1).
However, despite the reported relevance of the target protein,

none of the identified Haspin inhibitors reached the clinical
studies, mostly because of their side effects, poor pharmacoki-
netics, and/or lack of kinase selectivity.32−41

We were recently involved in a program of drug discovery
addressed to the identification of new kinase inhibitors. From
this campaign, the indole compound INDO 11M emerged as a
multitarget kinome inhibitor.42 This multitarget behavior led us
to improve the insight concerning the kinases targeted by INDO
11M, in order to identify molecular determinants driving
inhibition of specific kinase and performing a rationally based
hit-discovery campaign. In fact, the molecule is characterized by
chemical accessibility and availability to structural modifications,
allowing the exploration of the chemical space at the target
protein.
Therefore, we decided to further challenge the kinase

inhibitory effect of INDO 11M, including Haspin in the
investigation. Using a fluorescence resonance energy transfer
(FRET) technique, we observed a Haspin inhibitory activity of

Figure 1. Structures and activities of the principal classes of Haspin inhibitors.

Figure 2. Modified chemical groups in INDO 11M, leading to the most potent, compound 60.
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5.7± 0.7 nM, which paved the way for a de novo structure-based
in-silico design (Figure 2).
Different promising compounds were selected from an in-

silico built library, generated taking into account the chemical
accessibility. In more detail, Haspin activity relies on the Asp-
Tyr-Thr (DYT) motif for ATP binding and catalysis.
Accordingly, this region was considered for molecular docking
experiments, as inferable from the analysis of the binding modes
of different potent cocrystallized inhibitors.20,43,44 After the
docking calculations, the selected compounds were synthesized
and tested. Many of themwere characterized by a subnanomolar
inhibitory activity and a high potency against several tumor cell
lines, with 47 and 60 emerging as the most promising
compounds. The interference with the kinase activity was
confirmed also by cellular assays, and the effectiveness of 47 and
60 was also proven in a 3D model of HeLa spheroids, showing a
remarkable antitumor activity when tested alone. Moreover, the

compounds were capable of an even more remarkable synergic
effect when coadministered with paclitaxel. Finally, compound
60 showed a remarkable selectivity over Haspin kinase, when
tested in a wide panel of 70 different kinases.

■ RESULTS AND DISCUSSION
Chemistry. Final derivatives 15−20 and 28−34 were

obtained in accordance with Scheme 1.
The synthesis of the N-methyl derivative 1 was accomplished

by alkylation of methyl indole-5-carboxylate with methyl iodide
in DCM/DMF and using sodium hydride as a base, in almost
quantitative yield. Ester hydrolysis and the subsequent coupling
with different amines, employing HOBt and HBTU as coupling
agents, generated amido derivatives 3−7 in 60−71% yields.
Mannich reaction on these intermediates was carried out using
formaldehyde, trifluoroacetic acid, and different amines, yielding
compounds 8−14 (yield = 42−62%). N-Boc removal in DCM/

Scheme 1. Synthesis of 1,3,5-Substituted Indole Derivatives 15−20 and 28−34

Scheme 2. Synthesis of 1,3,5-Substituted Indole Derivatives 37, 40, and 41
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TFA 3/1 as a ratio, using triisopropylsilane as scavenger,
quantitatively yielded final derivatives 15−20 (42−52% yields).
Moreover, methylation of the aminomethyl group in inter-
mediates 8−14, performed in reductive amination conditions,
using formaldehyde, and subsequently addition of sodium
borohydride, generated compounds 21−27 in 40−53% yields.
Finally, N-Boc deprotection, in the same conditions described

above, quantitatively led to the final compounds 28−34.
The synthesis of derivatives 37, 40, and 41 was performed, as

depicted in the Scheme 2.
The previously obtained amido intermediates 3−7 were

subjected to a Mannich reaction in the presence of tert-butyl (3-
(aminomethyl)benzyl)carbamate or ter t -butyl (4-
(aminomethyl)benzyl)carbamate, as described above, furnish-
ing 35−36 (yield = 54−59%). Deprotection of the tert-
butoxycarbonyl group of 36 led to 37 in almost quantitative
yield. Furthermore, reductive amination performed on 35−36
using formaldehyde as a methylene source yielded intermediates
38 and 39. Final compounds 40 and 41 were obtained after Boc
removal, performed as previously reported.
The final compounds 47 and 49−60 were synthesized as

illustrated in Scheme 3.
The coupling reaction of 2 with different amines afforded

intermediates 42−46 in 60−76% yield. Then,Mannich reaction,
in the previously discussed conditions, yielded both final and
intermediate compounds 47−56, while further reductive
amination led to final derivatives 57−59 in 51−56% yield.
Intermediate 48 was deprotected form the Boc group using the
TFA/TIS mixture, as described above, giving 60.
Computational Studies and In Vitro Preliminary

Evaluation. With the aim of evaluating the indole scaffold as
a starting point to develop novel Haspin inhibitors, the binding
mode of the bioactive parent compound of this series, i.e., INDO

11M, was reproduced to obtain a reference binding mode and
interaction pattern for the selection of methyl indole derivatives.
Specifically, the ATP binding site of Haspin was taken into
account for the molecular docking experiments (see Computa-
tional details). As above-reported, Haspin is considered an
atypical human kinase due to the absence of the classic DFG
motif for ATP binding, here replaced by the DYT motif, which
then represented the binding site for molecular docking
experiments (PDB code: 3E7V) (Figure 3A). Concerning this
binding site, it was reported that the α-phosphate of AMP co-
crystallized with Haspin (PDB code: 3DLZ)20 forms a polar
contact with Lys511 and the low activity of a Lys511Ala mutant
indicates the importance of this residue in Haspin (Figure 3B).
Moreover, the presence of a phosphate ion in the Haspin crystal
structure with the nucleoside-based inhibitor iodotubercidin
(PDB code: 3IQ7)20 highlights the coordination with Asp687
belonging to the DYTmotif, Asp649, and His651 in the catalytic
loop, thus indicating that the catalytic loop and the above-
mentioned amino acids, especially His651, are crucial for the
binding. In fact, the mutation His651Ala confirms its
significance for catalytic activity. Therefore, based on this
evidence, the fundamental amino acids considered for predicting
the binding mode of INDO 11M (Figure 3C) and the
subsequent selection of the most promising compounds were
those involved in ATP binding, i.e., Lys511, Glu606, Gly608,
Asp611, Asp649, His651, and Asp687.20 Interestingly, INDO
11M interacted with the above-reported amino acids throughH-
bonds (with Asp649, His651, Asp611), π−π stacking (with
His651), salt bridge (Asp611), and π-cation (Lys511). In
addition, further interactions were detected, i.e., H-bonds with
Val494, Phe495, Asn654, Gln614, Gly653, and Ile490 (Figure
3C,D).

Scheme 3. Synthesis of 1,3,5-Substituted Indole Derivatives 47 and 49−60
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Therefore, to explore the chemical space of Haspin, a virtual
library of ∼14 million compounds was built in-silico, through
different chemical modifications on the INDO 11M scaffold
according to the defined synthetic route. After the generation of
the virtual library, due to the high number of obtained items,
different filters were introduced basing on the chemical features
of INDO 11M (see Computational details) that allowed the
generation of a new focused library of ∼2.8 million compounds,
which was submitted to molecular docking experiments against
Haspin. After a qualitative and quantitative analysis of the output
docking poses, 15 items were selected from the in-silico step
considering the relative docking scores, binding modes,
established interactions with fundamental amino acids (re-
ported in Figure 3B), and chemical variability in order to
thoroughly explore the Haspin binding site. They were further
selected also analyzing practical aspects regarding synthetic
accessibility (i.e., 15, 16, 19, 20, 28, 30, 31, 33, 34, 37, 40, 41,
49, 58, and 59, Table 1). Also, three compounds 18, 29, and 32
were added to the in-silico selection as easily synthesizable
negative controls (see Scheme 1) after detecting the absence of
interactions with fundamental amino acids (i.e., for 18 and 29)
and/or poor docking scores (i.e., for 29 and 32). In addition, 11
derivatives were included, based on synthetic accessibility and

molecular diversity (i.e., 17, 47, 50−57, 60, Table 1) and
subsequently investigated in-silico to rationalize the biological
outcomes (vide inf ra). Compound 60 was synthesized moving
the basic centers from the amidic side chain to the aminic one,
with the aim of exploring different electronic interactions in the
corresponding catalytic pocket.
All the selected derivatives were then evaluated for their

capability to inhibit the Haspin activity by a FRET technique,
which allowed the evaluation of their in vitro IC50. The results are
summarized in the Table 1, and they were compared with CHR-
6494, used as positive control.
Among the 29 synthesized derivatives (15−20, 28−34, 37,

40, 41, 47, 49−60), 22 bioactive compounds were successfully
identified as Haspin inhibitors, of which 8 featuring nanomolar
potencies and 14 micromolar potencies. In more detail, 20
(Figure 4A), 34 (Figure 4B), 50 (Figure 4C), 52 (Figure 4D),
56 (Figure 4E), and 58−60 (Figure 4F−4H) showed a
nanomolar inhibitory activity comparable and even better than
INDO 11M (in the case of 34 and 58−60). The analysis of the
predicted binding modes for these 8 molecules disclosed their
ability in binding the protein counterpart in a quite similar way
of INDO 11M and, more importantly, they were able to interact
with fundamental amino acids of the active site (e.g., Phe605,

Figure 3. (A) 3D structure of Haspin (PDB code: 3E7V). (B) Representation of the active binding site with fundamental amino acids. (C)
Reproduced binding mode of INDO 11M in the active site. H-bonds, π−π stacking, and salt bridge are reported in red, cyan, and green dotted lines,
respectively. (D) 2D representation of the INDO 11M interactions in the Haspin active site.
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and Asp687), displaying a significant interaction pattern (Figure
4). Among these compounds, 60, representing the best item of
this series with an IC50 of 1.0 × 10−5 ± 0.4 × 10−6 μM, showed a

slightly different binding mode in which the interaction with
Phe605 was lacking, but additional interactions were detected
supporting the selection of this compound. This was due to the

Table 1. Compounds In Vitro Inhibitory Activities against Haspin

aKinase-inhibition experiments were performed using the LANCE ULTRA kinase assay according to the manufacturer’s instructions. The data are
mean values from at least three independent experiments.
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absence of an aromatic amine moiety in position 3 of the indole,
unlike the other compounds in this series, but, on the other
hand, the substitution with an aliphatic amine led to the
establishment of a large interaction pattern, including an
extensive network of hydrogen bonds with Val494, Asp611,
Asp649, His651, Gly653, Asn654, and Asp687, salt bridges with
Asp649 and Asp687, and π−π interaction with His651 (Figure
4H), justifying the high inhibitory potency of this compound.
Such a result paves the way for a further exploration considering
the introduction of aliphatic amines for future optimization in
position 3 of the indole scaffold for disclosing new potent
Haspin inhibitors. Considering the binding mode of the most
active compounds, several key common structural points can be
defined: (a) the aromatic moieties belonging to the indole
scaffold and to the aromatic amides in position 5 of the core were
responsible for the establishment of a π−π interaction with the
His651; (b) the basic amine groups in position 3 and on the
different substituents are responsible for H-bond establishment
with Gly653, Asn654, Asp611, and Asp687 and salt bridges with
Asp611 and Asp687; (c) the aromatic moiety in position 5 of the
indole scaffold is responsible for the establishment of a π−π
interaction with Phe605; (d) further polar groups on the
different substituents in positions 3 and 5 of the indole are able
to establish mutual additional H-bonds with different amino
acids in the binding region (e.g., Val494, Phe495, Phe605,
Glu606, Asp687).
Concerning 15 (Figure S1A), 16 (Figure S1B), 19 (Figure

S1C), 28 (Figure S1D), 30 (Figure S1E), 31 (Figure S1F), 33
(Figure S1G), 37 (Figure S1H), 40 (Figure S1I), 41 (Figure
S1J), 47 (Figure S1K), 49 (Figure S1L), 51 (Figure S1M), and
54 (Figure S1N), showing an inhibitory activity in the
micromolar range, common binding modes and interaction
patterns were detected. In fact, analyzing the binding poses of
the micromolar compounds (15, 16, 19, 28, 30, 31, 33, 37, 40,
41, 47, 49, 51, and 54), very similar binding modes were
observed except for compounds 41 and 47 (Figure S1).
Specifically, all these micromolar items, except for 41 and 47,
were not able to establish interactions with all the fundamental

amino acids, e.g., Asp649, Phe605, Asp687, andHis651. Instead,
compound 41 (Figure S1J) was able to establish the same H-
bond network reported for 60 (Figure 4H), only considering the
piperazine moiety. However, the piperazine substituent is in
position 5 instead of position 3 of the indole, compared to
compound 60, and such a feature does not allow the molecule to
be accommodated in a similar manner to 60, resulting, for
example, in loss of interaction with Asp611. This explains the
marked difference in activity between the two derivatives,
despite the presence of a similar substituent (Figure S1J and
Figure 4H). Compound 47 showed a different binding mode
(Figure S1L), similar to INDO 11M (Figure 3C), with which it
shares a biphenyl moiety and a common interaction pattern,
and, interestingly, it emerged as one of the most promising
compounds in this series together with compound 60 after in
vitro biological evaluation (vide inf ra). Finally, among the
synthesized derivatives, seven items were detected as inactive,
namely, 18, 29, 32, selected as negative controls from the in-silico
step (vide supra), and 17, 53, 55, and 57. The analysis of the
docking poses of these compounds highlighted that precise
modifications affect the activity against Haspin. Specifically,
comparing 18with the active item 19, which differed only for the
position of the −OH group on the benzyl moiety, we observed
for 18 the loss of interaction with the fundamental amino acid
Gly608. Furthermore, the concurrent absence of interactions
with additional fundamental amino acids (e.g., Asp649, Asp687)
was detected (Figure S3A,B). Moreover, the tertiary N-methyl
group of the inactive compound 29 prevented the H-bond
interactions established by the secondary amine moiety of 16
with Asp611 and Ile490 (Figure S3C,D).
Summarizing, the careful analysis of the docking poses

highlighted the impact of minute variations and chemical
modifications in the biological activity against Haspin.
Encouraged by these promising data, we proceeded with the
in-cell evaluation in order to assess the cytotoxicity of the
effective compounds.
Cytotoxicity Assay.Cell viability was evaluated using an in-

house cellular panel with a well-documented expression of

Figure 4. (A) 20 (colored by atom type: C green, O red, N blue, polar H light gray), (B) 34 (colored by atom type: C dark orange, O red, N blue, polar
H light gray); (C) 50 (colored by atom type: C purple, O red, N blue, polar H light gray); (D) 52 (colored by atom type: C light blue, O red, N blue,
polar H light gray); (E) 56 (colored by atom type: C yellow, O red, N blue, polar H light gray); (F) 58 (colored by atom type: C dark gray, O red, N
blue, polar H light gray); (G) 59 (colored by atom type: Cmagenta, O red, N blue, polar H light gray); (H) 60 (colored by atom type: C cyan, O red, N
blue, polar H light gray) docking poses against the Haspin binding site with key residues reported as sticks and colored by atom type: C gray, O red, N
blue, S yellow, polar H light gray). H-bonds, π−π stacking, and salt bridge are reported in red, cyan, and green dotted lines, respectively.
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Haspin45 consisting of a Raji cell line (Burkitt lymphoma), HeLa
cell line (human cervical cancer), A375 human melanoma cells,
human pancreatic cancer MiaPaca2, and breast cancer MCF7
cell lines. The nontumorigenic IEC-6 cell line was used as
healthy control. The selective Haspin inhibitor CHR-6494 and
paclitaxel were utilized as reference compounds (Table 2).
Compounds' efficiency was evaluated by treating cells with test
molecules in the concentration range of 0.040−40 μM for 72 h
and assessing cell viability using MTT assays.
Compounds 15, 16, 19, 20, 28, 30−34, 37, 40, and 41

exhibited no cytotoxic activity, with EC50s > 20 μM in all the
tested cell lines. This may be due to the remarkable polarity of
these molecules that shared several polar groups in position C-5
of the indole ring. Protonatable amines are useful for
interactions with Haspin but likely responsible for compounds'
poor cellular absorption. Compounds 56 and 59 were
characterized by the 3,4,5-trimethoxy group, which also
represents a common motif in microtubule protein polymer-
ization inhibitors, such as in colchicine.46 This side chain has
been introduced in the attempt to explore a multitarget
approach; however, despite their nanomolar activity against
Haspin and a good cytotoxicity, 56 and 59 did not deserve
further investigations because of their high cytotoxicity over the
IEC-6 cell line. Derivatives 30, 54, and 58 characterized by a
higher lipophilic character with respect to the previous
compounds still showed no cellular activity. Compounds 47,
49, 51, 52, and 60 have shown low micromolar cytotoxicity
toward all the considered cell lines. The most remarkable
pharmacological property of compound 60 is the selectivity
toward cancer cells (IEC-6 IC50 = > 40 μM) that the reference
compound CHR-6494 totally lacks (IEC-6 IC50 = 0.31 ± 0.07
μM). This result is quite surprising, considering that CHR-6494
is reported as the reference Haspin kinase inhibitor.36 Thus, we
wondered whether CHR-6494's lack of selectivity was endowed
with Haspin modulation or not. To this aim, together with

CHR-6494, also compounds 47, 49, 51, and 52, showing an
overlapping biological behavior, were selected for the following
assays.

In Vitro Investigation of Haspin Inhibition.The next step
is to further investigate the cellular activity of the most cytotoxic
compounds. First, we proved that the derivatives 47, 49, 51, 52,
and 60 acted as Haspin inhibitors, verifying their ability to both
block H3T3 phosphorylation and deregulate the cell cycle.
Histone extraction and Western blot analysis demonstrated the
block of phosphorylation of histone H3T3, the specific post-
translational modification performed by Haspin (Figure 5A),
except for derivative 49, for which the results are less
encouraging. For this reason, further investigations were
performed only challenging compounds 47, 51, 52, and 60.
To confirm the inhibition of proliferation exerted by 47, 51, 52,
and 60, the apoptosis and alteration of the cell cycle were
assessed with propidium iodide staining by using flow cytometry
(Figure 5B,C).While a slight delay in theM phase is expected by
inhibition of Haspin, as shown for compounds 47, 51, 53, and
60, the strong accumulation of cells in G2/M phases coupled
with a G1 decrease observed with CHR-6494 administration
cannot be uniquely related to this inhibition but it is likely a
result of the inhibition of several kinases regulatingmitotic entry.
This supports recent evidence of the poor selectivity of CHR-
6494, as demonstrated in this paper (see below).44,47 These
results led to the selection of compounds 47 and 60, which
underlined remarkable deregulation of the cell cycle as well as a
high cytotoxicity toward the whole tumoral lines panel
(compound 47, Table 2), and a remarkable selectivity
(compound 60, Table 2). With this regard, we examined the
levels of cyclins A2 and E1, which play a pivotal role in initiating
the S/G2 and G2/M transition, respectively, further supporting
the assessment of the cell cycle. This highlighted that
compounds 47 and 60 exhibit enhanced selectivity in inhibiting

Table 2. Overview of the Results of the In Vitro Antitumor Screening for Synthesized Compoundsa

compound Raji HeLa A375 MiaPaca2 MCF7 IEC-6

15 >20 >20 >20 >20 >20 >20
16 >20 >20 >20 >20 >20 >20
19 >20 >20 >20 >20 >20 >20
20 >20 >20 >20 >20 >20 >20
28 >20 >20 >20 >20 >20 >20
30 >20 >20 >20 >20 >20 >20
31 >20 >20 >20 >20 >20 >20
33 >20 >20 >20 >20 >20 >20
34 >20 >20 >20 >20 >20 >20
37 >20 >20 >20 >20 >20 >20
40 >20 >20 >20 >20 >20 >20
41 >20 >20 >20 >20 >20 >20
47 1.25 ± 0.37 1.56 ± 0.44 0.98 ± 0.14 0.65 ± 0.16 1.07 ± 0.22 1.78 ± 0.69
49 2.19 ± 0.41 1.48 ± 0.64 1.37 ± 0.23 2.12 ± 0.76 2.28 ± 1.85 1.90 ± 0.30
50 >20 18.20 ± 3.47 2.05 ± 0.85 >20 3.68 ± 1.85 >20
51 4.44 ± 0.61 5.47 ± 0.98 1.88 ± 0.38 2.56 ± 0.89 4.41 ± 1.77 8.16 ± 0.72
52 3.41 ± 0.36 2.30 ± 0.56 1.39 ± 0.31 1.33 ± 0.46 5.01 ± 2.15 5.46 ± 0.87
54 >20 >20 >20 >20 >20 >20
56 >20 4.65 ± 1.01 12.04 ± 1.77 4.22 ± 1.86 10.56 ± 1.27 9.38 ± 1.23
58 >20 >20 >20 >20 >20 >20
59 >20 5.33 ± 0.73 11.90 ± 1.10 5.68 ± 1.03 9.82 ± 1.36 8.94 ± 2.02
60 18.82 ± 2.77 7.78 ± 1.22 24.31 ± 2.13 16.43 ± 2.86 15.81 ± 1.71 >40
CHR-6494 0.82 ± 0.12 0.41 ± 0.16 0.57 ± 0.19 0.48 ± 0.25 0.86 ± 0.44 0.31 ± 0.07
paclitaxel 0.0081 ± 0.88 × 10−3 0.0077 ± 0.56 × 10−3 0.0015 ± 0.23 × 10−3 0.0023 ± 0.47 × 10−3 0.0052 ± 0.31 × 10−3 0.00010 ± 0.12 × 10−3

aData are reported as EC50 ± SD (μM).
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Haspin with respect to the other kinases compared to CHR-
6494, as illustrated in Figure 5D.
Indirect Immunofluorescence. Based on the obtained

results, we performed a deeper investigation of the mode of
action of compounds 47 and 60. When Haspin activity is
inhibited, it can disrupt the normal progression of mitosis by
interfering with histone H3 phosphorylation and subsequent
chromosomal events. This disruption can lead to aberrant
spindle formation, chromosome mis-segregation, and even-
tually, mitotic catastrophe. Mitotic catastrophe occurs when
cells undergo abnormal mitotic events that result in-cell death or
genomic instability. In this regard, inhibition of Haspin can
trigger such abnormalities by perturbing the finely tuned
processes of mitosis, potentially leading to catastrophic
outcomes for the affected cells.48,49 Our previous findings,
combined with the observation that Haspin inhibition disrupts
normal cell cycle progression, prompted us to investigate the
potential impact of compounds 47 and 60 on mitotic spindle
and centrosome integrity. Immunofluorescence analyses
validated the presence of the Ph-H3T3 signal in the
chromosomes of mitotic cells under control conditions, a signal
that showed amarked reduction under treatment with 47 and 60

(Figure 6). The quantification of Ph-H3T3 levels is reported in
Figure 7B and shows a significant decrease of histone
phosphorylation when cells are treated with 47 (63.9% with
respect to 100% of control) and 60 (51.9% respect 100% of
control). Furthermore, our compounds exerted significant
alterations on the morphology of the mitotic spindle and
centrosome structures in HeLa cells. Immunofluorescence
evaluations performed with anti-α-tubulin antibodies revealed
that control cells exhibited typical bipolar mitotic spindles with
chromosomes accurately aligned along the metaphase plate
(Figure 6A). In contrast, cells treated with 47 and 60 showed
aberrant mitotic spindle configurations characterized by
substantial defects in chromosome alignment, in particular
with the presence of multipolar spindles (Figure 6). This result
was corroborated by the quantitative analysis of cells with
altered mitotic spindle (Figure 6B) in which the administration
of 47 or 60 resulted in an elevated percentage of cells undergoing
an incorrect spindle alignment (61.3 and 69.7% with respect to
5.2% of control, respectively). These abnormal spindle
configurations cause a failure to progress to the anaphase and
may explain the previously observed cell cycle blockage.

Figure 5. Evaluation of compounds 47, 49, 51, 52, and 60 over HeLa cells on histoneH3 at threonine 3 phosphorylation and cell cyclemodulation. For
each western blot analysis (A, D), three independent experiments were performed and related densitometric analysis are reported. Laminin A and
GAPDH were used as control proteins. (B) Hypodiploid nuclei and (C) cell cycle evaluation by propidium iodide assay via the cytofluorimetric
technique. CHR-6494 was used as positive control. *, **, and *** denote respectively p < 0.05, p < 0.01, and p < 0.001 vs Ctrl.
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Coadministration of 47 and 60 with Paclitaxel in 2D
and 3D Cell Cultures. We next investigated whether
compounds 47 and 60 may act synergistically with the widely
used paclitaxel. By making use of the MTT assay, we thus tested
compounds 47 and 60 at their EC50 in combination with
paclitaxel (1 nM) on HeLa cells. As a result, compounds 47 and
60 showed a significant increase in-cell mortality when
coadministered with paclitaxel 1 nM with a reduction of cell
viability from 78.35 ± 1.05% (paclitaxel 1 nM alone) to 32.34 ±
1.15% (47 + paclitaxel 1 nM) and 50.74 ± 4.49% (60 +
paclitaxel 1 nM, Figure 7A). In order to further investigate this
result, we also evaluated the effect of these coadministrations on
3D cellular models, well-established models to mime tumor

characteristics and for preclinical chemo-sensitivity studies.50,51

Strong differences in spheroid mortality were already observed
in the administration of compounds alone: paclitaxel (41.14 ±
2.01%) and compounds 47 (53.45 ± 8.87%) and 60 (56.85 ±
7.12%) as compared to control (22.10 ± 2.89%). Furthermore,
the coadministration of paclitaxel with selected compounds led
to a significant increase of cell mortality compared to
compounds alone: 47 + paclitaxel induces 80.12 ± 5.32% of
cell death, while 60 + paclitaxel results in 83.54 ± 7.79% of
spheroids mortality (Figure 7B,C). Likewise, the combination
index (CI) analysis highlighted the synergistic effects of Haspin
inhibitors plus paclitaxel in reducing HeLa viability (Figure
7D,E). These results clearly show an improved efficiency of the

Figure 6. (A) Immunofluorescence staining of HeLa cells treated with the indicated small molecules for 8 h and then subjected to the metaphase block,
as described in the Section. (B) Quantitative analysis. The first histogram shows the mean ± SD of the P-H3Thr3 intensity of fluorescence by setting
the mean intensity of fluorescence of the Ctrl sample to 100%. N = 3, n ≥ 30. Student’s t test, ** denotes p ≤ 0.01. The second histogram shows the
mean percentage ± SD of the number of cells displaying altered mitotic spindles. N = 3, n ≥ 50. Student’s t test, ** denotes p ≤ 0.01.
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Figure 7. Inhibitory effects of 47 and 60 in coadministration with paclitaxel (1 nM) toward the HeLa cell line. (A)MTT assay using 47 and 60 (EC50)
with different concentrations of paclitaxel onHeLa cells in 2D cell culture. (B, C) Evaluation of compounds on spheroid growth images taken after 72 h
of treatments. Magnification 10×. Scale bar = 100 μm. (D, E) Isobolograms representing the combination index (CI), computed in SiCoDEA by using
the ZIP method, and Chou−Talalay method (median effect) for the calculation of the dose−response curve, obtained from cell proliferation data. *,
**, and *** denote respectively p < 0.05, p < 0.01, and p < 0.001 vs Ctrl. ## denotes p < 0.01 vs paclitaxel (1 nM).
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paclitaxel/Haspin inhibitors coadministration in spheroid
cultures.
Selectivity Assays. In order to get more information about

the Haspin selectivity of derivatives 47 and 60, we performed an
additional inhibitory assay over a panel of kinases principally
involved in the mitotic phase of the cell cycle. We employed the
LANCE Ultra TR-FRET assays by analogy with the Haspin
inhibitory activity evaluation, using CHR-6494 as the reference
compound. As reported in Table 3, compound 60 resulted to be
remarkably selective against Haspin with respect to its analogue
47 and the reference compoundCHR-6494. In fact, 60 showed a
Haspin selectivity index between 255100 and 5778000
(calculated as IC50kinase/IC50haspin).
Moreover, with 60 being the most selective compound, we

enlarged the panel for selectivity assays, using a panel of 70
different kinases (diversify panel, Reaction Biology, www.
reactionbiology.com/list-kinase-targets-us-facility/?panel=
Diversify%20Panel) and testing the compounds in a single
concentration (1 μM) in duplicate. The results obtained showed
a strict selectivity of 60, over Haspin kinase (Table S1).
In Vitro Pharmacokinetic Evaluation. To evaluate the

chemical and metabolic stability of 47 and 60 and assess their
drug-likeness, we used LC-MS, as reported in Figure 8.
Oral administration actually represents the route of choice for

novel drugs. To take this path, compounds must be chemically
stable at the pH values observed in the stomach lumen. To
achieve this, we investigated the chemical stability of selected

derivatives in simulated fluids up to 120 min at 37 °C. Under
these experimental conditions, we evaluated the degradation of
molecules induced by enzymatic and non-enzymatic processes,
including hydrolysis, oxidation, or light-catalyzed degradation.
Our results indicated that compounds 47 (Figure 8A) and 60

(Figure 8B) can be classified as stable molecules, as the
percentage of the remaining compound at the 120 min time
point exceeds 80% of the 0 min time point. This stability is
consistently observed when assessing the compounds’ stability
in rat and human plasma, as well as after incubation with human
liver microsomes.

■ CONCLUSIONS
Here, we report the development of new and potent Haspin
inhibitors through a combinatorial approach of virtual screening,
together with empirical considerations of synthetic accessibility.
Twenty-nine derivatives were selected for the chemical synthesis
and biological evaluation, 22 of which showed remarkable in
vitro activities against Haspin, ranging from micromolar to
subnanomolar potencies. Subsequent in-cell evaluation in a large
panel of tumor and healthy cell lines and in vitro validation
allowed us the identification of compounds 47 and 60 as suitable
hit compounds. For these reasons, the two compounds were
challenged for their ability to synergistically increase the
antitumor effect of a well-known therapeutic agent, paclitaxel,

Table 3. In Vitro Inhibitory Activities of Compounds against Kinase Proteinsa

compounds

target protein CHR-6494 47 60

CDK2/CycA2 0.652 ± 0.137 38.050 ± 6.740 45.160 ± 5.033
CDK5/p25 0.863 ± 0.512 39.750 ± 8.840 2.551 ± 1.240
CDK9/CycT1 2.078 ± 0.739 9.829 ± 2.874 21.69 ± 2.52
GSK3α 4.648 ± 1.375 40.890 ± 10.95 17.60 ± 3.831
GSK3β 0.331 ± 0.023 50.93 ± 4.683 57.78 ± 6.321
CDK1/CycB1 3.137 ± 1.102 20.65 ± 2.369 nd
AuroraB 3.464 ± 0.928 40.230 ± 6.593 12.68 ± 3.621
Haspin 0.0035 ± 0.0001 13.15 ± 2.12 1.0 × 10−5 ± 0.4 × 10−6

aKinase-inhibition experiments were performed using the LANCE ULTRA kinase assay according to the manufacturer’s instructions. The data are
mean values from at least three independent experiments. Results are expressed as average IC50 ± SD (μM).

Figure 8. Representative graph depicting the percentage of remaining compounds over time following incubation with various physiological solutions
and enzymes (A: 47; B: 60).
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one of the most employed antitumor drugs working on the
mitotic phase.
Synergistic interaction can offer several advantages: first, it

allows to reduce host toxicity and side effects, given that drug
doses used in combination are typically lower than that of single
drugs. Additionally, it can also reduce the development of drug
resistance phenomena, such as increased drug efflux ABC-
transporter-mediated, enhanced cellular repair mechanisms, and
alterations of drug metabolism or drug targets.51,52

Interestingly, compounds 47 and 60 showed synergy with
paclitaxel both in HeLa 2D and in 3D models. Especially in the
3Dmodel, coadministration with synthesized compounds gave a
synergistic, twofold increase of the paclitaxel activity. Finally, to
trace the in vitro pharmacokinetic profile of 47 and 60, we
performed chemical and metabolic stability assays using an LC-
MS approach, finding that bothmolecules are stable in the tested
conditions, highlighting their drug-likeness.
Overall, this work offers a complete overview of the in vitro

biological characterization of novel indole-based compounds,
designed as Haspin inhibitors, providing solid clues about the
structural determinants driving inhibition of the kinase.
Considering the paucity of modulators described so far and
their potentiality in affecting the tumor growth process, these
data could represent a valid starting point for further medicinal
chemistry campaigns.

■ EXPERIMENTAL SECTION
Computational Details. Haspin Grid Generation. Prior to

performing docking calculations, the Protein Preparation Wizard
workflow53,54 (Schrödinger suite) was employed using the crystal
structure of Haspin in complex with 3-(3-aminophenyl)-N-(3-
chlorophenyl)pyrazolo[1,5-a]pyrimidin-5-amine, used as a reference
for grid box generation (PDB code: 3E7V) (www.rcsb.org/structure/
3E7V). The structure was prepared at a pH of 7.4 ± 1.0, all hydrogen
atoms were added, bond orders were assigned, and all water molecules
present were removed. The final grid used for all calculations featured
inner box dimensions of 15 Å and outer box dimensions of 25 Å,
featuring grid center coordinates in Å, X = −10.87; Y = −10.75; Z =
−13.14, so as to cover the active site region.
Generation of the Virtual Library and Preparation of the Ligands.

Using CombiGlide software (Schrödinger suite),55 an in-house library
of indole derivatives was generated accounting for the available
aromatic and aliphatic amines on Merck (Milan, Italy), following the
specified synthetic procedure. Once the library was obtained, for all
generated compounds, the related pharmacokinetic properties were
calculated using the Qikprop program in the Schrödinger Suite.56,57

After that, the obtained library was filtered using LigFilter (Schrödinger
suite), by applying the following parameters (using INDO 11M as the
reference compound): molecular weight ≤490 g/mol, number of
acceptor H-bonds = 10, number of donor H-bonds = 5, #stars <5,
#rtvFG = 0. In particular, the parameter #stars is a predicted
pharmacokinetic feature that indicates the drug-like behavior of the
case study compounds. It is derived from the estimation of several
molecular descriptors, such as molecular weight, dipole, and expected
solubility. The recommended range value is from 0 to 5, with the
substance being less drug-like the higher the value. Additionally, the
parameter #rtvFG forecasts the number of reactive functional groups,
which is why 0 is a desirable value because it may result in false positives.
After that, the filtered compounds represented the starting point for the
subsequent molecular docking calculations. Moreover, the selected
compounds based on synthetic criteria, i.e., 17, 47, 50−57, and 60, were
prepared using LigPrep software (Schrodinger Suite),58 considering the
generation of all possible tautomers and protonation states at pH = 7.4
± 1.0. Finally, the obtained structures were minimized using the OPLS
2005 force field.
Virtual Screening of the Generated Library.The generated libraries

and the prepared ligands were subjected to molecular docking

experiments, performed using the Virtual Screening Workflow tool as
implemented in Schrödinger Suite and using Glide software,59−62

considering three levels of precision: High-Throughput Virtual
Screening scoring and sampling (HTVS), Standard Precision scoring
and sampling phase (SP), and Extra Precision scoring and sampling
phase (XP). Precisely, the following scheme was applied: after the
HTVS step, only 20% of the best poses were saved and used for the
subsequent step; after the SP level, only 20% of the best poses were
saved and used for the subsequent step; in the XP level, for each input,
10 poses were generated and finally 30% of the most promising items
were saved for the final output.
Chemistry. Unless otherwise stated, all reagents and solvents used

were purchased from Sigma-Aldrich (Milan, Italy). Reactions were
performed under magnetic stirring in round-bottom flasks. TLC
analysis of reaction mixtures was performed on precoated glass silica gel
plates (F254, 0.25 mm, VWR International). The crude products were
purified by the Isolera Spektra One automated flash chromatography
system (Biotage, Uppsala, Sweden) using commercial silica gel
cartridges (SNAP KP-Sil, Biotage). NMR spectra were recorded at
room temperature on a Bruker Avance 400 MHz apparatus. Chemical
shifts were reported in δ values (ppm) relative to internal Me4Si for 1H
and 13C NMR. J values were reported in hertz (Hz). 1H NMR peaks
were described using the following abbreviations: s (singlet), bs (broad
singlet), d (doublet), t (triplet), and m (multiplet). HR-MS spectra
were recorded by the LTQ-Orbitrap-XL-ETD mass spectrometer
(Thermo Scientific, Bremen, Germany), equipped with electrospray
ionization.
General Procedure A: Coupling Reaction (3−7, 42−46). To a

solution of 2 (1.0 mmol) in dichloromethane, different aromatic or
aliphatic amines (1.2 mmol), HOBt (1.2 mmol), HBTU (1.2 mmol),
and DIPEA (2.4 mmol) were added and themixture was stirred at room
temperature for 12 h. Afterward, the reaction mixture was diluted with
dichloromethane (20 mL) and the resulting solution was washed
successively with 10% aqueous solution of citric acid (2 × 25 mL), 10%
aqueous solution of NaHCO3 (2 × 25 mL), and water (2 × 25 mL),
dried over Na2SO4, filtered, and concentrated in vacuo. Flash
chromatography of the residues, using mixtures of ethyl acetate/n-
hexane as eluent system, furnished the corresponding 5-carboxamide
indole derivatives in 60−76% of yield.
General Procedure B: Mannich Reaction (8−14, 35, 36, 47−56).

Formaldehyde (2.0 equiv), trifluoroacetic acid (2.0 equiv), and
different amines (2.0 equiv) were dissolved in tetrahydrofuran, and
the solution was stirred at room temperature for 30min. The opportune
1,5-disubstituted indole derivative (1.0 mmol) was added after 30 min,
and the mixture was stirred for the further 4−6 h. After the completion
of the reaction monitored by TLC, the reaction was quenched by 10%
aqueous solution of sodium bicarbonate, diluted with dichloromethane,
separated, dried over anhydrous Na2SO4, and filtered. The organic layer
was evaporated under vacuum, and 1,3,5-substituted indole derivatives
were obtained after flash chromatography using mixtures of dichloro-
methane/methanol as eluent with 42−62% of yield.
General Procedure C: Boc Removal (15−20, 28−34, 37, 40, 41,

60). The N-Boc-protected intermediates (1 mmol) were dissolved in a
mixture of TFA/DCM (1/3, v/v), and triisopropylsilane (TIS, 0.25
mmol) was added. Reactions were stirred at room temperature for 2 h.
Then, a solution of NaOH (2 N) was added dropwise until pH 8. The
mixtures were diluted with water and dichloromethane, and the organic
phases were extracted, dried over Na2SO4, filtered, and concentrated in
vacuo. The final products were obtained without further purification.
General Procedure D: Reductive Amination (21−27, 38, 39, 57−

59). To a solution of 3-(aminomethyl)-1-alkyl-1H-indole-5-carbox-
amide intermediates (1.0 mmol) dissolved in methanol, a 37% aqueous
solution of formaldehyde (1.5 equiv) was added and the reaction was
stirred at room temperature for 12 h. Then, NaBH4 (3.0 equiv) was
added and the mixture was reacted for a further 1 h. Afterward, the
reaction was quenched with 10% aqueous solution of citric acid and the
organic solvent was concentrated. The aqueous phase was diluted with
dichloromethane and extracted. The organic layer was dried over
Na2SO4, filtered, and evaporated. The crude products were purified by
flash chromatography using mixtures of DCM/MeOH as eluent,
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affording the corresponding methylated derivatives with 40−56% of
yields.
Synthesis of Methyl 1-Methyl-1H-indole-5-carboxylate (1).

Methylindole-5-carboxylate (1.0 mmol) was dissolved in a mixture of
DCM/DMF under magnetic stirring, and the temperature was set to 0
°C. To this solution, 1.5 mmol of NaH was added portionwise and the
mixture was reacted for 30 min. Then, 1.5 equiv of methyl iodide was
added and the reaction was warmed to room temperature and
maintained under stirring for a further 12 h. After the completion of the
reaction, the mixture was quenched with 10% aqueous solution of citric
acid and diluted with dichloromethane. The organic phase was
separated, dried over anhydrous Na2SO4, filtered, and evaporated in
vacuo. The crude product was purified by column chromatography
using n-hexane/ethyl acetate (1:1 v: (v) as mobile phase, to obtain
intermediate 1 as a whitish oil with 84% of yield. Rf: 0.45. 1H NMR
(400 MHz, CD3OD) δ: 3.85 (s, 3H, CH3); 6.58 (d, 1H, aryl, J = 4.0
Hz); 7.26 (d, 1H, aryl, J = 4.0 Hz); 7.43 (d, 1H, aryl, J = 8.0 Hz, aryl);
7.87 (d, 1H, aryl, J = 8.0 Hz, aryl); 8.33 (s, 1H, aryl). HR-MSm/z calcd
for C11H11NO2 [(M + H) +]: 190.0863, found 190.0878.
Synthesis of 1-Methyl-1H-indole-5-carboxylic Acid (2). To a

solution of intermediate 1 (1 mmol) dissolved in methanol, 5 mL of
NaOH 1 M aqueous solution was added. The temperature was set at
100 °C, and the reaction mixture was stirred until the complete
disappearance of the starting material, evidenced by TLC. The aqueous
phase was quenchedwith aHCl 2M solution, diluted with ethyl acetate,
and separated. Then, the organic layer was dried over anhydrous
Na2SO4, filtered, and evaporated under vacuum affording intermediate
2 as a white powder without further purification. (94% yield). 1H NMR
(400 MHz, CD3OD) δ: 3.85 (s, 3H, CH3); 6.58 (d, 1H, aryl, J = 4.0
Hz); 7.26 (d, 1H, aryl, J = 4.0 Hz); 7.43 (d, 1H, aryl, J = 8.0 Hz, aryl);
7.87 (d, 1H, aryl, J = 8.0 Hz, aryl); 8.33 (s, 1H, aryl). HR-MSm/z calcd
for C10H9NO2 [(M + H) +]: 176.0706, found 176.0712.
tert-Butyl 4-(2-(1-Methyl-1H-indole-5-carboxamido)ethyl)-

piperazine-1-carboxylate (3). Synthesized from 2 as an off-white oil
in 70% yield using the general procedure A.
FC in dichloromethane/methanol 9/1, Rf: 0.39. 1H NMR (CDCl3,

400MHz) δ: 1.50 (s, 9H, CH3); 2.59−2.73 (m, 4H, CH2); 3.18 (m, 2H,
CH2); 3.49 (s, 3H, CH3); 3.60−3.70 (m, 4H, CH2); 3.81 (m, 2H,
CH2); 6.58 (d, 1H, aryl, J = 8.5 Hz); 7.26 (d, 1H, aryl, J = 7.8 Hz); 7.43
(d, 1H, aryl, J = 8.1Hz); 7.73 (d, 1H, aryl, J = 8.0Hz); 8.16 (s, 1H, aryl);
HR-MS m/z: calcd for C21H30N4O3 [(M+H)+]: 387.2391; found
387.2366.
tert-Butyl (3-((1-Methyl-1H-indole-5-carboxamido)methyl)-

benzyl)carbamate (4). Synthesized from 2 as an off-white oil in 65%
yield using the general procedure A.
FC in n-hexane/ethyl acetate 1/1, Rf: 0.46. 1H NMR (CDCl3, 400

MHz) δ: 1.44 (s, 9H, CH3); 3.75 (s, 2H, CH2); 4.22 (d, 2H, CH2, J =
4.8 Hz); 4.57 (d, 2H, CH2, J = 5.6 Hz); 5.13 (bs, 1H, NH); 6.49 (d, 1H,
aryl, J = 3.8 Hz); 6.98 (bs, 1H, CONH); 7.06 (d, 1H, aryl, J = 3.2 Hz);
7.15−7.28 (m, 5H, aryl); 7.73 (d, 1H, aryl, J = 10.3); 8.14 (s, 1H, aryl);
HR-MS m/z: calcd for C23H27N3O3 [(M+H)+]: 394.2125; found
394.2182.
tert-Butyl (4-((1-Methyl-1H-indole-5-carboxamido)methyl)-

benzyl)carbamate (5). Synthesized from 2 as an off-white oil in 71%
yield using the general procedure A.
FC in n-hexane/ethyl acetate 1/1, Rf: 0.42. 1HNMR (CD3)2SO, 400

MHz) δ: 1.39 (s, 9H, CH3); 3.82 (s, 3H, CH3); 4.08 (d, 2H, CH2, J =
6.0 Hz); 4.46 (d, 2H, CH2, J = 5.9 Hz); 6.53 (d, 1H, aryl, J = 3.0 Hz);
7.19 (d, 2H, aryl, J = 8.0 Hz); 7.27 (d, 2H, aryl, J = 8.0 Hz); 7.35 (t, 1H,
NH, J = 6.0 Hz); 7.40 (d, 1H, aryl, J = 8.6 Hz); 7.73 (d, 1H, aryl, J = 8.6
Hz); 8.17 (s, 1H, aryl); 8.87 (t, 1H, NH, J = 6.0Hz); HR-MSm/z: calcd
for C23H27N3O3 [(M+H)+]: 394.2125; found 394.2167.
tert-Butyl (4-(1-Methyl-1H-indole-5-carboxamido)phenethyl)-

carbamate (6). Synthesized from 2 as an off-white oil in 60% yield
using the general procedure A.
FC in dichloromethane/ethyl acetate 9.5:0.5, Rf: 0.44. 1H NMR

(CDCl3, 400MHz) δ: 1.37 (s, 9H, CH3); 2.72 (t, 2H, CH2, J = 7.0 Hz);
3.31 (t, 2H, CH2, J = 5.6 Hz); 3.78 (s, 3H, CH3); 4.47 (bs, 1H, NH);
6.52 (d, 1H, aryl, J = 3.8 Hz); 7.07 (d, 1H, aryl, J = 3.1 Hz); 7.13 (d, 2H,
aryl, J = 8.4 Hz); 7.32 (d, 1H, aryl, J = 8.6 Hz); 7.54 (d, 2H, aryl, J = 8.4

Hz); 7.70 (d, 1H, aryl, J = 6.9 Hz); 7.81 (s, 1H, CONH); 8.11 (s, 1H,
aryl); 7.41 (d, 1H, aryl, J = 8.6 Hz); 7.71 (d, 1H, aryl, J = 8.6 Hz); 8.20
(s, 1H, aryl); HR-MS m/z: calcd for C23H27N3O3 [(M+H)+]:
394.2125; found 394.2146.
tert-Butyl (3-(1-Methyl-1H-indole-5-carboxamido)propyl)-

carbamate (7). Synthesized from 2 as an off-white oil in 62% yield
using the general procedure A.
FC in n-hexane/ethyl acetate 3:7, Rf: 0.45. 1H NMR (CDCl3, 400

MHz) δ: 1.44 (s, 9H, CH3); 1.75−1.81 (m, 2H, CH2); 3.16 (t, 2H,
CH2, J = 6.6 Hz); 3.43−3.48 (m, 2H, CH2); 3.76 (s, 3H, CH3); 6.51 (d,
1H, aryl, J = 3.7 Hz); 7.20 (d, 1H, aryl, J = 3.1 Hz); 7.37 (d, 1H, aryl, J =
8.6 Hz); 7.68 (d, 1H, aryl, J = 6.9 Hz); 8.12 (s, 1H, aryl); 8.27 (bs, 1H,
NH); HR-MSm/z: calcd for C18H25N3O3 [(M+H)+]: 332.1969; found
332.1992.
tert-Butyl 4-(2-(3-(((4-Hydroxybenzyl)amino)methyl)-1-methyl-

1H-indole-5-carboxamido)ethyl)piperazine-1-carboxylate (8). Syn-
thesized from 3 as an off-white oil in 55% yield using the general
procedure B.
FC in dichloromethane/methanol 9/1, Rf: 0.39. 1H NMR (CD3OD,

400 MHz) δ: 1.46 (s, 9H, CH3); 2.50 (t, 4H, CH2, J = 4.9 Hz); 2.63 (t,
2H, CH2, J = 6.7 Hz); 3.41 (bs, 4H, 2 CH2); 3.57 (t, 2H, CH2, J = 6.6
Hz); 3.81 (s, 3H, CH3); 4.01 (s, 2H, CH2); 6.79 (d, 1H, aryl, J = 8.4
Hz); 7.22 (d, 2H, aryl, J = 8.4 Hz); 7.30 (s, 1H, aryl); 7.42 (d, 2H, aryl, J
= 8.7Hz); 7.68 (d, 1H, aryl, J = 8.6Hz); 8.06 (s, 1H, aryl); HR-MSm/z:
calcd for C29H39N5O4 [(M+H)+]: 522.3075; found 522.3079.
tert-Butyl (3-((3-(((4-Hydroxybenzyl)amino)methyl)-1-methyl-

1H-indole-5-carboxamido)methyl)benzyl)carbamate (9). Synthe-
sized from 4 as a whitish oil in 51% yield using the general procedure B.
FC in dichloromethane/methanol 9/1, Rf: 0.38. 1H NMR (CD3OD,

400 MHz) δ: 1.41 (s, 9H, CH3); 3.72 (s, 2H, CH2); 3.82 (s, 3H, CH3);
3.96 (s, 2H, CH2); 4.24 (s, 2H, CH2); 4.62 (s, 2H, CH2); 6.75 (d, 2H,
aryl, J = 8.5 Hz); 7.14−7.19 (m, 3H, aryl); 7.24 (s, 1H, aryl); 7.30 (d,
2H, aryl, J = 7.3 Hz); 7.42 (d, 1H, aryl, J = 8.6 Hz); 7.76 (d, 1H, aryl, J =
10.2 Hz); 8.20 (s, 1H, aryl); HR-MS m/z: calcd for C31H36N4O4 [(M
+H)+]: 529.2809; found 529.2812.
tert-Butyl (4-((3-((Benzylamino)methyl)-1-methyl-1H-indole-5-

carboxamido)methyl)benzyl)carbamate (10). Synthesized from 5
as an off-white oil in 46% yield using the general procedure B.
FC in dichloromethane/methanol 9/1, Rf: 0.38. 1H NMR (CDCl3,

400 MHz) δ: 1.45 (s, 9H, CH3); 3.62 (s, 2H, CH2); 3.82 (s, 2H, CH2);
3.85 (s, 3H, CH3); 4.23 (s, 2H, CH2); 4.62 (s, 2H, CH2); 7.26−7.38
(m, 9H, aryl); 7.44 (d, 1H, aryl, J = 8.7 Hz); 7.74 (d, 2H, aryl, J = 7.0
Hz); 8.22 (s, 1H, aryl); HR-MSm/z: calcd for C31H36N4O3 [(M+H)+]:
513.2860; found 513.2878.
tert-Butyl (4-(3-(((3-Hydroxybenzyl)amino)methyl)-1-methyl-1H-

indole-5-carboxamido)phenethyl)carbamate (11). Synthesized from
6 as a whitish oil in 42% yield using the general procedure B.
FC in dichloromethane/ethyl acetate 9.5:0.5, Rf: 0.44. 1H NMR

(CD3OD, 400 MHz) δ: 1.45 (s, 9H, CH3); 2.78 (t, 2H, CH2, J = 7.1
Hz); 3.29 (t, 2H, CH2, J = 7.7 Hz); 3.87 (s, 3H, CH3); 3.88 (s, 2H,
CH2); 4.11 (s, 2H, CH2); 6.80 (d, 2H, aryl, J = 8.5 Hz); 7.22−7.25 (m,
4H, aryl); 7.35 (s, 1H, aryl); 7.51 (d, 1H, aryl, J = 8.6 Hz); 7.64 (d, 2H,
aryl, J = 8.3 Hz); 7.84 (d, 1H, aryl, J = 7.1 Hz); 8.30 (s, 1H, aryl); HR-
MSm/z: calcd for C31H36N4O4 [(M+H)+]: 529.2809; found 529.2811.
tert-Butyl (3-(3-(((4-Hydroxybenzyl)amino)methyl)-1-methyl-1H-

indole-5-carboxamido)propyl)carbamate (12). Synthesized from 7
as an off-white oil in 52% yield using the general procedure B.
FC in dichloromethane/methanol 9:1, Rf: 0.44. 1H NMR (CD3OD,

400 MHz) δ: 1.46 (s, 9H, CH3); 1.78−1.83 (m, 2H, CH2); 3.18 (t, 2H,
CH2, J = 6.6 Hz); 3.47 (t, 2H, CH2, J = 6.8 Hz); 3.77 (s, 2H, CH2); 3.84
(s, 3H, CH3); 4.01 (s, 2H, CH2); 6.78 (d, 2H, aryl, J = 8.5 Hz); 7.19 (d,
2H, aryl, J = 8.6 Hz); 7.27 (s, 1H, aryl); 7.44 (d, 1H, aryl, J = 8.6 Hz);
7.72 (d, 1H, aryl, J = 8.6 Hz); 8.16 (s, 1H, aryl); HR-MS m/z: calcd for
C26H34N4O4 [(M+H)+]: 467.2653; found 467.2657.
tert-Butyl (3-(3-(((3-Hydroxybenzyl)amino)methyl)-1-methyl-1H-

indole-5-carboxamido)propyl)carbamate (13). Synthesized from 7
as an off-white oil in 45% yield using the general procedure B.
FC in dichloromethane/methanol 9/1, Rf: 0.42. 1H NMR (CD3OD,

400 MHz) δ: 1.45 (s, 9H, CH3); 1.77−1.84 (m, 2H, CH2); 3.18 (t, 2H,
CH2, J = 6.7 Hz); 3.47 (t, 2H, CH2, J = 6.7 Hz); 3.85 (s, 3H, CH3); 4.04
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(s, 2H, CH2); 4.29 (s, 2H, CH2); 6.82 (d, 1H, aryl, J = 6.4 Hz); 6.88−
6.91 (m, 2H, aryl); 7.23 (t, 1H, aryl, J = 7.8 Hz); 7.43 (s, 1H, aryl); 7.48
(d, 1H, aryl, J = 8.7Hz); 7.75 (d, 1H, aryl, J = 7.0Hz); 8.23 (s, 1H, aryl);
HR-MS m/z: calcd for C26H34N4O4 [(M+H)+]: 467.2653; found
467.2686.
tert-Butyl (4-((3-(((4-Hydroxybenzyl)amino)methyl)-1-methyl-

1H-indole-5-carboxamido)methyl)benzyl)carbamate (14). Synthe-
sized from 5 as an off-white oil in 62% yield using the general procedure
B.
FC in dichloromethane/methanol 9/1, Rf: 0.38. 1H NMR (CD3OD,

400 MHz) δ: 1.45 (s, 9H, CH3); 3.87 (s, 3H, CH3); 4.05 (s, 2H, CH2);
4.22 (s, 2H, CH2); 4.31 (s, 2H, CH2); 4.61 (s, 2H, CH2); 6.83 (d, 2H,
aryl, J = 8.6 Hz); 7.26 (d, 4H, aryl, J = 8.4 Hz); 7.36 (d, 2H, aryl, J = 8.0
Hz); 7.45 (s, 1H, aryl); 7.50 (d, 1H, aryl, J = 8.7 Hz); 7.78 (d, 1H, aryl, J
= 10.3 Hz); 8.87 (s, 1H, aryl); HR-MSm/z: calcd for C31H36N4O4 [(M
+H)+]: 529.2809; found 529.2829.
3-(((4-Hydroxybenzyl)amino)methyl)-1-methyl-N-(2-(piperazin-

1-yl)ethyl)-1H-indole-5-carboxamide (15). Synthesized from 8 as an
off-white powder in 42% yield using the general procedure C.
Precipitated from DCM/diethyl ether. 1H NMR (400 MHz,

CD3OD) δ: 2.89 (t, 2H, CH2,J = 6.3 Hz); 3.00 (bs, 4H, CH2); 3.31−
3.33 (m, 4H, CH2); 3.66 (t, 2H, CH2,J = 6.3 Hz); 3.90 (s, 3H, CH3);
4.17 (s, 2H, CH2); 4.44 (s, 2H, CH2); 6.86 (d, 2H, aryl, J = 8.5 Hz);
7.31 (d, 2H, aryl, J = 8.5Hz); 7.53−7.55 (m, 2H, aryl); 7.78 (d, 1H, aryl,
J = 8.7 Hz); 8.25 (s, 1H, aryl). 13C NMR (100 MHz, CD3OD) δ: 31.9,
36.3, 40.8, 43.0, 49.3, 49.9, 56.7, 105.1, 109.5, 115.5, 118.3, 121.1,
121.6, 125.9, 126.8, 131.2, 132.6, 138.9, 158.5, 170.1. HR-MSm/z calcd
for C24H31N5O2 [(M + H)]+: 422.2551; found 422.2955.
N-(3-(Aminomethyl)benzyl)-3-(((4-hydroxybenzyl)amino)-

methyl)-1-methyl-1H-indole-5-carboxamide (16). Synthesized from
9 as an off-white powder in 45% yield using the general procedure C.
Precipitated from DCM/diethyl ether. 1H NMR (CD3OD, 400

MHz) δ: 3.90 (s, 3H, CH3); 4.13 (s, 2H, CH2); 4.17 (s, 2H, CH2); 4.45
(s, 2H, CH2); 4.67 (s, 2H, CH2); 6.85 (d, 2H, aryl, J = 8.6 Hz); 7.31 (d,
2H, aryl, J = 8.6 Hz); 7.37 (d, 1H, aryl, J = 7.2 Hz); 7.43−7.56 (m, 4H,
aryl); 7.83 (dd, 1H, aryl, J’ = 1.6, J” = 8.7 Hz); 8.30 (d, 1H, J = 1.2 Hz);
13C NMR (CD3OD, 100 MHz) δ: 31.9; 40.8; 42.9; 43.0; 49.9; 105.1;
109.6; 115.5; 118.4; 121. 6; 125.9; 126.8; 127.3; 127.8; 127.9; 129.0;
131.2; 132.6; 133.3; 138.9; 140.4; 158.5; 169.8; HR-MS m/z: calcd for
C26H28N4O2 [(M+H)+]: 429.2285; found 429.2290.
N-(3-(2-Aminoethyl)benzyl)-3-(((4-hydroxybenzyl)amino)-

methyl)-1-methyl-1H-indole-5-carboxamide (17). Synthesized from
11 as a white powder in 48% yield using the general procedure C.

1H NMR (CD3OD, 400 MHz) δ: 2.97−3.04 (m, 2H, CH2); 3.22 (t,
2H, CH2, J = 8.1Hz); 3.92 (s, 3H, CH3); 4.19 (s, 2H, CH2); 4.48 (s, 2H,
CH2); 6.86 (d, 2H, aryl, J = 8.5 Hz); 7.32 (dd, 4H, aryl, J’ = 2.7 Hz, J” =
8.6 Hz); 7.56 (s, 1H, aryl); 7.59 (d, 1H, aryl, J = 8.7 Hz); 7.73 (d, 2H,
aryl, J = 8.4 Hz); 7.90 (d, 1H, aryl, J = 10.2 Hz); 8.37 (s, 1H, aryl); 13C
NMR (CD3OD, 100MHz) δ: 32.0; 32.7; 40.6; 40.8; 49.9; 105.2; 109.6;
115.6; 118.7; 121.4; 121.6; 126.6; 126.8; 128.8; 131.2; 132.5; 132.7;
137.8; 139.0; 158.5; 168.5; HR-MS m/z: calcd for C26H28N4O2 [(M
+H)+]: 443.2442; found 443,2468.
N-(3-Aminopropyl)-3-(((4-hydroxybenzyl)amino)methyl)-1-

methyl-1H-indole-5-carboxamide (18). Synthesized from 12 as an off-
white powder in 52% yield using the general procedure C.
Precipitated from DCM/diethyl ether. 1H NMR (400 MHz,

CD3OD) δ: 1.98−2.05 (m, 2H, CH2,); 3.05 (t, 2H, CH2,J = 7.2 Hz);
3.57 (t, 2H, CH2,J = 6.5Hz); 3.89 (s, 3H, CH3); 4.17 (s, 2H, CH2); 4.44
(s, 2H, CH2); 6.85 (d, 2H, aryl, J = 8.5 Hz); 7.31 (d, 2H, aryl, J = 8.5
Hz); 7.53−7.55 (m, 2H, aryl); 7.79 (d, 1H, aryl, J = 8.7 Hz); 8.27 (s,
1H, aryl). 13C NMR (100MHz, CD3OD) δ: 27.6, 31.9, 36.1, 36.9, 40.8,
49.9, 105.1, 109.6, 115.5, 118.4, 121.1, 121.6, 125.6, 126.8, 131.2, 132.6,
138.9, 158.5, 170.5. HR-MS m/z calcd for C21H26N4O2 [(M + H)+]:
367.2129; found 367.2132.
N-(3-Aminopropyl)-3-(((3-hydroxybenzyl)amino)methyl)-1-

methyl-1H-indole-5-carboxamide (19). Synthesized from 13 as a
yellowish powder in 50% yield using the general procedure C.
Precipitated from DCM/diethyl ether. 1H NMR (CD3OD, 400

MHz) δ: 1.99−2.05 (m, 2H, CH2); 3.05 (t, 2H, CH2, J = 7.1 Hz); 3.57
(t, 2H, CH2, J = 6.4 Hz); 3.91 (s, 3H, CH3); 3.67 (t, 2H, CH2, J = 6.2

Hz); 4.20 (s, 2H, CH2); 4.48 (s, 2H, CH2); 6.87−6.95 (m, 3H, aryl);
7.28 (t, 1H, aryl, J = 7.8 Hz); 7.55 (s, 1H, aryl); 7.56 (s, 1H, aryl); 7.79
(d, 1H, aryl, J = 8.7 Hz); 13C NMR (CD3OD, 100 MHz) δ: 27.6; 31.9;
36.1; 36.9; 41.1; 50.1; 104.9; 109.6; 116.1; 116.3; 118.4; 120.3; 121.1;
125.7; 126.8; 130.0; 132.5; 132.7; 138.9; 158.0; 170.5; HR-MS m/z:
calcd for C21H26N4O2 [(M+H)+]: 367.2129; found 367.2133.
N-(4-(Aminomethyl)benzyl)-3-(((4-hydroxybenzyl)amino)-

methyl)-1-methyl-1H-indole-5-carboxamide (20). Synthesized from
14 as a white powder in 52% yield using the general procedure C.
Precipitated from DCM/diethyl ether. 1H NMR (CD3OD, 400

MHz) δ: 3.90 (s, 3H, CH3); 4.12 (s, 2H, CH2); 4.17 (s, 2H, CH2); 4.45
(s, 2H, CH2); 4.66 (s, 2H, CH2); 6.86 (d, 2H, aryl, J = 8.1 Hz); 7.31 (d,
2H, aryl, J = 8.2 Hz); 7.47 (dd, 4H, aryl, J’ = 8.0, J” = 19.4 Hz); 7.55 (d,
2H, aryl, J = 8.6 Hz); 7.81 (d, 1H, aryl, J = 8.6 Hz); 8.29 (s, 1H, aryl);
13C NMR (CD3OD, 100 MHz) δ: 31.9; 40.8; 42.7; 42.8; 49.9; 105.1;
109.6; 115.5; 118.4; 121.0; 121.6; 126.9; 127.9; 128.8; 131.2; 131.8;
132.6; 138.9; 140.5; 158.5; 169.7; HR-MS m/z: calcd for C26H28N4O2
[(M+H)+]: 429.2285; found 429.2289.
tert-Butyl 4-(2-(3-(((4-Hydroxybenzyl)(methyl)amino)methyl)-1-

methyl-1H-indole-5-carboxamido)ethyl)piperazine-1-carboxylate
(21). Synthesized from 8 as an off-white oil in 40% yield using the
general procedure D.
FC in dichloromethane/methanol 9/1, Rf: 0.39. 1H NMR (CD3OD,

400 MHz) δ: 1.47 (s, 9H, CH3); 2.27 (s, 3H, CH3); 2.54 (t, 4H, CH2, J
= 5.0 Hz); 2.68 (t, 2H, CH2, J = 6.7 Hz); 3.46 (t, 4H, CH2, J = 4.6 Hz);
3.57−3.66 (m, 4H, CH2); 3.84 (s, 2H, CH2); 3.85 (s, 3H, CH3); 6.78
(d, 1H, aryl, J = 8.4Hz); 7.17 (d, 2H, aryl, J = 8.5Hz); 7.29 (s, 1H, aryl);
7.45 (d, 2H, aryl, J = 8.6 Hz); 7.71 (d, 1H, aryl, J = 8.6 Hz); 8.17 (s, 1H,
aryl); HR-MSm/z: calcd for C30H41N5O4 [(M+H)+]: 536.3231; found
536.3234.
tert-Butyl (3-((3-(((4-Hydroxybenzyl)(methyl)amino)methyl)-1-

methyl-1H-indole-5-carboxamido)methyl)benzyl)carbamate (22).
Synthesized from 9 as a whitish oil in 44% yield using the general
procedure D.
FC in dichloromethane/methanol 9/1, Rf: 0.38. 1H NMR (CD3OD,

400 MHz) δ: 1.28 (s, 9H, CH3); 2.45 (s, 3H, CH3); 3.74 (s, 3H, CH3);
3.97 (s, 2H, CH2); 4.10 (s, 2H, CH2); 4.22 (s, 2H, CH2); 4.49 (s, 2H,
CH2); 6.71 (d, 2H, aryl, J = 8.6 Hz); 7.05 (t, 1H, aryl, J = 3.5 Hz); 7.15−
7.19 (m, 3H, aryl); 7.37 (d, 2H, aryl, J = 5.0 Hz); 7.68 (d, 2H, aryl, J =
8.7 Hz); 8.16 (s, 1H, aryl); HR-MS m/z: calcd for C32H38N4O4 [(M
+H)+]: 543.2966; found 543.2969.
tert-Butyl (4-((3-((Benzyl(methyl)amino)methyl)-1-methyl-1H-in-

dole-5-carboxamido)methyl)benzyl)carbamate (23). Synthesized
from 10 as an off-white oil in 53% yield using the general procedure D.
FC in dichloromethane/methanol 9/1, Rf: 0.40. 1H NMR (CDCl3,

400 MHz) δ: 1.45 (s, 9H, CH3); 2.22 (s, 3H, CH3); 3.56 (s, 2H, CH2);
3.76 (s, 2H, CH2); 3.82 (s, 3H, CH3); 4.22 (s, 2H, CH2); 4.62 (s, 2H,
CH2); 7.24−7.43 (m, 10H, aryl); 7.74 (d, 1H, aryl, J = 8.6 Hz); 8.23 (s,
1H, aryl); HR-MS m/z: calcd for C32H38N4O3 [(M+H)+]: 527.3017;
found 527.3048.
tert-Butyl (4-(3-(((3-Hydroxybenzyl)(methyl)amino)methyl)-1-

methyl-1H-indole-5-carboxamido)phenethyl)carbamate (24). Syn-
thesized from 11 as an off-white oil in 48% yield using the general
procedure D.
FC in dichloromethane/ethyl acetate 9.5/0.5, Rf: 0.44. 1H NMR

(CD3OD, 400 MHz) δ: 1.45 (s, 9H, CH3); 2.34 (s, 3H, CH3); 2.78 (t,
2H, CH2, J = 7.1 Hz); 3.29 (t, 2H, CH2, J = 7.7 Hz); 3.69 (s, 2H, CH2);
3.86 (s, 3H, CH3); 3.94 (s, 2H, CH2); 6.80 (d, 2H, aryl, J = 8.5 Hz);
7.20−7.25 (m, 4H, aryl); 7.34 (s, 1H, aryl); 7.48 (d, 1H, aryl, J = 8.6
Hz); 7.65 (d, 2H, aryl, J = 8.3Hz); 7.83 (d, 1H, aryl, J = 7.1Hz); 8.28 (s,
1H, aryl); HR-MS m/z: calcd for C32H38N4O4 [(M+H)+]: 543.2966;
found 543.2969.
tert-Butyl (3-(3-(((4-Hydroxybenzyl)(methyl)amino)methyl)-1-

methyl-1H-indole-5-carboxamido)propyl)carbamate (25). Synthe-
sized from 12 as an off-white oil in 52% yield using the general
procedure D.
FC in dichloromethane/methanol 9:1, Rf: 0.45. 1H NMR (CD3OD,

400MHz) δ: 1.45 (s, 9H, CH3); 1.78−1.83 (m, 2H, CH2); 2.20 (s, 3H,
CH3); 3.18 (t, 2H, CH2, J = 6.6 Hz); 3.46−3.49 (m, 4H, CH2); 3.75 (s,
2H, CH2); 3.81 (s, 3H, CH3); 4.01 (s, 2H, CH2); 6.76 (d, 2H, aryl, J =
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8.5 Hz); 7.15 (d, 2H, aryl, J = 8.6 Hz); 7.23 (s, 1H, aryl); 7.41 (d, 1H,
aryl, J = 8.6 Hz); 7.71 (d, 1H, aryl, J = 8.6 Hz); 8.18 (s, 1H, aryl); HR-
MSm/z: calcd for C27H36N4O4 [(M+H)+]: 481.2809; found 481.2811.
tert-Butyl (3-(3-(((3-Hydroxybenzyl)(methyl)amino)methyl)-1-

methyl-1H-indole-5-carboxamido)propyl)carbamate (26). Synthe-
sized from 13 as an off-white oil in 49% yield using the general
procedure D.
FC in dichloromethane/methanol 9/1, Rf: 0.42. 1H NMR (CD3OD,

400MHz) δ: 1.45 (s, 9H, CH3); 1.77−1.83 (m, 2H, CH2); 2.25 (s, 3H,
CH3); 3.18 (t, 2H, CH2, J = 6.7 Hz); 3.47 (t, 2H, CH2, J = 6.7 Hz); 3.54
(s, 2H, CH2); 3.80 (s, 2H, CH2); 3.82 (s, 3H, CH3); 6.72 (d, 1H, aryl, J
= 6.4 Hz); 6.81−6.83 (m, 2H, aryl); 7.15 (t, 1H, aryl, J = 7.8 Hz); 7.25
(s, 1H, aryl); 7.41 (d, 1H, aryl, J = 8.6 Hz); 7.71(d, 1H, aryl, J = 8.6 Hz);
8.20 (s, 1H, aryl); HR-MS m/z: calcd for C27H36N4O4 [(M+H)+]:
480.2737; found 480.2744.
tert-Butyl (4-((3-(((4-Hydroxybenzyl)(methyl)amino)methyl)-1-

methyl-1H-indole-5-carboxamido)methyl)benzyl)carbamate (27).
Obtained from 14 as an off-white oil in 47% yield using the general
procedure D.
FC in dichloromethane/methanol 9/1, Rf: 0.42. 1H NMR (CD3OD,

400 MHz) δ: 1.45 (s, 9H, CH3); 2.20 (s, 3H, CH3); 3.49 (s, 2H, CH2);
3.75 (s, 2H, CH2); 3.81 (s, 3H, CH3); 4.22 (s, 2H, CH2); 4.61 (s, 2H,
CH2); 6.74 (d, 2H, aryl, J = 6.4 Hz); 7.14 (d, 2H, aryl, J = 6.6 Hz);
7.23−7.27 (m, 3H, aryl); 7.35 (d, 2H, aryl, J = 7.5Hz); 7.41 (d, 1H, aryl,
J= 7.9 Hz); 7.73 (d, 1H, aryl, J = 8.6 Hz); 8.22 (s, 1H, aryl); HR-MSm/
z: calcd for C32H37N4O4 [(M+H)+]: 543.2966; found 543.2969.
3-(((4-Hydroxybenzyl)(methyl)amino)methyl)-1-methyl-N-(2-(pi-

perazin-1-yl)ethyl)-1H-indole-5-carboxamide (28). Synthesized from
21 as an off-white powder in 43% yield using the general procedure C.
Precipitated from DCM/diethyl ether. 1H NMR (400 MHz,

CD3OD) δ: 2.73 (s, 3H, CH3); 3.21 (t, 2H, CH2,J = 6.0 Hz); 3.38
(bs, 4H, CH2); 3.47−3.50 (m, 4H, CH2); 3.76 (t, 2H, CH2,J = 6.0 Hz);
3.92 (s, 3H, CH3); 4.16 (d, 1H, CH, J = 12.8 Hz); 4.48 (t, 2H, CH2J =
12.4 Hz); 4.66 (d, 1H, CH, J = 13.7 Hz); 6.89 (d, 2H, aryl, J = 8.5 Hz);
7.33 (d, 2H, aryl, J = 8.5 Hz); 7.56 (d, 1H, aryl, J = 8.7 Hz); 7.62 (s, 1H,
aryl); 7.81 (d, 1H, aryl, J = 10.2 Hz); 8.24 (s, 1H, aryl). 13C NMR (100
MHz, CD3OD) δ: 32.0, 35.4, 37.5, 41.8, 49.0, 49.9, 56.8, 58.7, 103.2,
109.8, 115.7, 118.4, 120.0, 121.3. 126.0, 127.4, 132.3, 134.0, 139.0,
159.0, 170.3. HR-MS m/z calcd for C25H33N5O2 [(M + H)+]:
436.2707; found 436.2711.
N-(3-(Aminomethyl)benzyl)-3-(((4-hydroxybenzyl)(methyl)-

amino)methyl)-1-methyl-1H-indole-5-carboxamide (29). Synthe-
sized from 22 as an off-white powder in 42% yield using the general
procedure C.
Precipitated from DCM/diethyl ether. 1H NMR (CD3OD, 400

MHz) δ: 2.73 (s, 3H, CH3); 3.92 (s, 3H, CH3); 4.13 (s, 2H, CH2);
4.09−4.19 (m, 4H, CH2); 4.48 (t, 2H, CH2, J = 14.2 Hz); 4.67 (s, 2H,
CH2); 6.89 (d, 2H, aryl, J = 8.8 Hz); 7.33 (d, 2H, aryl, J = 8.6 Hz); 7.37
(d, 1H, aryl, J = 7.3 Hz); 7.42−7.51(m, 3H, aryl); 7.57 (d, 1H, aryl, J =
8.7 Hz); 7.85 (dd, 1H, aryl, J’ = 1.6, J” = 8.7 Hz); 8.29 (d, 1H, aryl, J =
1.2 Hz); 13C NMR (CD3OD, 100MHz) δ: 32.0; 37.5; 42.9; 43.0; 50.0;
58.6; 103.1; 109.8; 115.7; 118.3; 120.0; 121. 4; 125.9; 126.4; 127.3;
127.4; 129.0; 132.3; 133.3; 134.0; 138.9; 140.3; 158.5; 169.6; HR-MS
m/z: calcd for C27H30N4O2 [(M+H)+]: 443.2442; found 443.2447.
N-(4-(Aminomethyl)benzyl)-3-((benzyl(methyl)amino)methyl)-1-

methyl-1H-indole-5-carboxamide (30). Obtained from 23 as a white
powder in 45% yield using the general procedure C.
Precipitated from DCM/diethyl ether. 1H NMR (CD3OD, 400

MHz) δ: 2.77 (s, 3H, CH3); 3.93 (s, 3H, CH3); 4.12 (s, 2H, CH2); 4.43
(bs, 2H, CH2); 4.63−4.66 (m, 4H, CH2); 7.44−7.59 (m, 10H, aryl);
7.66 (s, 1H, aryl); 7.83 (d, 1H, aryl, J = 8.7 Hz); 8.34 (s, 1H, aryl); 13C
NMR (CD3OD, 100 MHz) δ: 32.1; 37.9; 42.8; 50.5; 51.9; 58.8; 103.0;
109.8; 118.4; 121.3; 126.4; 127.4; 127.9; 128.0; 128.8; 129.0; 129.7;
129.8; 130.8; 131.8; 138.9; 140.5; 169.6. HR-MS m/z: calcd for
C27H31N4O [(M+H)+]: 427.2492; found 427.2497.
N-(4-(2-Aminoethyl)phenyl)-3-(((4-hydroxybenzyl)(methyl)-

amino)methyl)-1-methyl-1H-indole-5-carboxamide (31). Synthe-
sized from 24 as an off-white powder in 41% yield using the general
procedure C.

Precipitated from DCM/diethyl ether. 1H NMR (CD3OD, 400
MHz) δ: 2.75 (s, 3H, CH3); 2.99 (t, 2H, CH2, J = 7.3 Hz); 3.21 (t, 2H,
CH2, J = 8.1 Hz); 3.94 (s, 3H, CH3); 4.17 (d, 1H, CH, J = 12.9 Hz);
4.49 (t, 2H, CH2, J = 13.2 Hz); 4.68 (d, 2H, CH2, J = 13.9 Hz); 6.89 (d,
2H, aryl, J = 8.6 Hz); 7.33 (t, 4H, aryl, J = 8.5 Hz); 7.61 (d, 1H, aryl, J =
8.7 Hz); 7.64 (s, 1H, aryl); 7.73 (d, 2H, aryl, J = 8.5 Hz); 7.90 (d, 1H,
aryl, J = 10.2 Hz); 8.33 (s, 1H, aryl); 13C NMR (CD3OD, 100 MHz) δ:
32.0; 32.7; 40.6; 40.8; 49.9; 105.2; 109.6; 115.6; 118.7; 121.4; 121.6;
126.6; 126.8; 128.8; 131.2; 132.5; 132.7; 137.8; 139.0; 158.5; 168.5;
HR-MS m/z: calcd for C27H30N4O2 [(M+H)+]: 443.2442; found
443.2445.
N-(3-Aminopropyl)-3-(((4-hydroxybenzyl) (methyl)amino)-

methyl)-1-methyl-1H-indole-5-carboxamide (32). Obtained from
25 as a white powder in 47% yield using the general procedure C.
Precipitated from DCM/diethyl ether. 1H NMR (400 MHz,

CD3OD) δ: 1.98−2.05 (m, 2H, CH2); 2.73 (s, 3H, CH3); 3.05 (t,
2H, CH2,J = 7.2 Hz); 3.56 (t, 2H, CH2,J = 6.6 Hz); 3.91 (s, 3H, CH3);
4.15 (d, 1H, CH, J = 12.9 Hz); 4.48 (t, 2H, CH2, J = 12.3 Hz); 4.66 (d,
1H, CH, J = 13.7 Hz); 6.89 (d, 2H, aryl, J = 8.6 Hz); 7.33 (d, 2H, aryl, J
= 8.6 Hz); 7.56 (d, 1H, aryl, J = 8.7 Hz); 7.61 (s, 1H, aryl); 7.81 (d, 1H,
aryl, J = 8.7 Hz); 8.24 (s, 1H, aryl). 13C NMR (100 MHz, CD3OD) δ:
27.6, 32.0, 36.1, 36.9, 37.5, 49.9, 58.6, 103.2, 109.8, 115.7, 118.2, 120.0,
121.3, 126.1, 127.4, 132.3, 134.0, 138.9, 159.0, 170.3. HR-MSm/z calcd
for C22H28N4O2 [(M + H)+]: 381.2285; found 381.2288.
N-(3-Aminopropyl)-3-(((3-hydroxybenzyl)(methyl)amino)-

methyl)-1-methyl-1H-indole-5-carboxamide (33). Synthesized from
26 as a yellowish powder in 48% yield using the general procedure C.
Precipitated from DCM/diethyl ether. 1H NMR (CD3OD, 400

MHz) δ: 1.99−2.06 (m, 2H, CH2); 2.77 (s, 3H, CH3) 3.05 (t, 2H, CH2,
J = 7.3Hz); 3.57 (t, 2H, CH2, J = 6.6Hz); 3.93 (s, 3H, CH3); 4.19−4.47
(m, 2H, CH2); 4.60 (s, 2H, CH2); 6.92−6.97 (m, 3H, aryl); 7.30−7.34
(m, 1H, aryl, J = 7.8 Hz); 7.58 (d, 1H, aryl, J = 8.7 Hz); 7.63 (s, 1H,
aryl); 7.81 (dd, 1H, aryl, J’ = 1.6 Hz, J” = 8.7 Hz); 8.26 (s, 1H, aryl); 13C
NMR (CD3OD, 100 MHz) δ: 27.6; 32.1; 36.2; 38.0; 50.3; 58.8; 103.0;
109.8; 116.6; 117.3; 118.2; 121.3; 121.4; 126.1; 127.4; 130.2; 131.0;
134.1; 139.0; 158.1; 170.3; HR-MS m/z: calcd for C22H28N4O2 [(M
+H)+]: 381.2285; found 381.2291.
N-(4-(Aminomethyl)benzyl)-3-(((4-hydroxybenzyl)(methyl)-

amino)methyl)-1-methyl-1H-indole-5-carboxamide (34). Obtained
from 27 as an off-white powder in 46% yield using the general
procedure C.
Precipitated from DCM/diethyl ether. 1H NMR (CD3OD, 400

MHz) δ: 2.73 (s, 3H, CH3); 3.92 (s, 3H, CH3); 4.12−4.18 (m, 3H,
CH2, CH); 4.47 (t, 2H, CH2, J = 12.5 Hz); 4.64−4.67 (m, 3H, CH2,
CH); 4.66 (s, 2H, CH2); 6.89 (d, 2H, aryl, J = 8.5 Hz); 7.33 (d, 2H, aryl,
J = 8.6Hz); 7.43−7.52 (m, 4H, aryl); 7.57 (d, 1H, aryl, J = 8.7Hz); 7.62
(s, 1H, aryl); 7.81−7.84 (m, 1H, aryl); 8.26 (s, 1H, aryl); 13C NMR
(CD3OD, 100MHz) δ: 32.0; 37.5; 42.6; 42.9; 50.0; 58.7; 103.1; 109.8;
115.7; 118.3; 120.0; 121. 2; 126.4; 126.5; 127.4; 127.9; 128.8; 129.7;
131.8; 132.3; 134.0; 138.9; 140.4; 159.0; 169.6; HR-MS m/z: calcd for
C27H30N4O2 [(M+H)+]: 443.2442; found 443.2448.
tert-Butyl (3-(3-(((3-(((tert-Butoxycarbonyl)amino)methyl)-

benzyl)amino)methyl)-1-methyl-1H-indole-5-carboxamido)-
propyl)carbamate (35). Synthesized from 7 as whitish oil in 54% yield
using the general procedure B.
FC in dichloromethane/methanol 9/1, Rf: 0.46. 1H NMR (CD3OD,

400 MHz) δ: 1.46 (s, 9H, CH3); 1.79−1.82 (m, 2H, CH2); 3.18 (t, 2H,
CH2, J = 6.6 Hz); 3.47 (t, 2H, CH2, J = 6.8 Hz); 3.85 (s, 3H, CH3); 3.91
(s, 2H, CH2); 4.07 (s, 2H, CH2); 4.24 (s, 2H, CH2); 7.23−7.35 (m, 5H,
aryl); 7.45 (d, 1H, aryl, J = 8.6 Hz); 7.73 (d, 1H, aryl, J = 7.0 Hz); 8.16
(s, 1H, aryl); HR-MS m/z: calcd for C32H45N5O5 [(M+H)+]:
580.3493; found 580.3496.
tert-Butyl 4-(2-(3-(((4-(((tert-Butoxycarbonyl)amino)methyl)-

benzyl)amino)methyl)-1-methyl-1H-indole-5-carboxamido)ethyl)-
piperazine-1-carboxylate (36). Synthesized from 3 as an off-white oil
in 59% yield using the general procedure B.
FC in dichloromethane/methanol 9/1, Rf: 0.40. 1H NMR (CDCl3,

400MHz) δ: 1.48 (s, 18H, CH3); 2.53 (t, 4H, CH2, J = 5.0 Hz); 2.67 (t,
2H, CH2, J = 6.7 Hz); 3.47 (t, 4H, CH2, J = 6.1 Hz); 3.60 (t, 2H, CH2, J
= 6.7 Hz); 3.86 (s, 3H, CH3); 4.04 (s, 2H, CH2); 4.23−4.25 (m, 4H,
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CH2); 7.32 (d, 2H, aryl, J = 8.1 Hz); 7.37−7.40 (m, 3H, aryl); 7.48 (d,
1H, aryl, J = 8.3 Hz); 7.74 (d, 1H, aryl, J = 8.5 Hz); 8.19 (s, 1H, aryl);
HR-MS m/z: calcd for C23H27N3O3 [(M+H)+]: 635.3915; found
635.3927.
3-(((4-(Aminomethyl)benzyl)amino)methyl)-1-methyl-N-(2-(pi-

perazin-1-yl)ethyl)-1H-indole-5-carboxamide (37). Obtained from
36 as an off-white powder in 43% yield using the general procedure C.
Precipitated from DCM/diethyl ether. 1H NMR (CD3OD, 400

MHz) δ: 3.18 (t, 2H, CH2, J = 6.0 Hz); 3.32−3.37 (m, 4H, CH2); 3.48
(t, 4H, CH2, J = 6.0 Hz); 3.76 (t, 2H, CH2, J = 6.0 Hz); 3.90 (s, 3H,
CH3); 4.18 (s, 2H, CH2); 4.33 (s, 2H, CH2); 4.51 (s, 2H, CH2); 7.53−
7.61 (m, 6H, aryl); 7.79 (dd, 1H, aryl, J’ = 1.5 Hz, J” = 8.7 Hz); 8.27 (s,
1H, aryl); 13C NMR (CD3OD, 100 MHz) δ: 31.9; 35.5; 41.3; 42.0;
42.4; 49.1; 49.6; 56.8; 104.9; 109.5; 118.6; 121.1; 125.6; 126.8; 129.4;
130.4; 132.3; 132.8; 134.5; 138.9; 170.3; HR-MS m/z: calcd for
C25H34N6O [(M+H)+]: 435.2867; found 435.2873.
tert-Butyl (3-(3-(((3-(((tert-Butoxycarbonyl)amino)methyl)-

benzy l ) (methy l )amino)methy l ) -1 -methy l -1H- indole -5-
carboxamido)propyl)carbamate (38). Synthesized from 35 as an off-
white oil in 55% yield using the general procedure D.
FC in dichloromethane/methanol 9/1, Rf: 0.46. 1H NMR (CD3OD,

400MHz) δ: 1.46 (s, 9H, CH3); 1.79−1.83 (m, 2H, CH2); 2.24 (s, 3H,
CH3); 3.18 (t, 2H, CH2, J = 6.6 Hz); 3.48 (t, 2H, CH2, J = 6.8 Hz); 3.58
(s, 2H, CH2); 3.78 (s, 2H, CH2); 3.83 (s, 3H, CH3); 4.07 (s, 2H, CH2);
4.24 (s, 2H, CH2); 7.19−7.31 (m, 5H, aryl); 7.41 (d, 1H, aryl, J = 7.2
Hz); 7.71 (d, 1H, aryl, J = 8.6 Hz); 8.21 (s, 1H, aryl); HR-MS m/z:
calcd for C33H47N5O5 [(M+H)+]: 594.3650; found 594.3655.
tert-Butyl 4-(2-(3-(((4-(((tert-Butoxycarbonyl)amino)methyl)-

benzy l ) (methy l )amino)methy l ) -1 -methy l -1H- indole -5-
carboxamido)ethyl)piperazine-1-carboxylate (39). Synthesized from
14 as an off-white oil in 47% yield using the general procedure D.
FC in dichloromethane/methanol 9/1, Rf: 0.42. 1H NMR (CD3OD,

400 MHz) δ: 1.47 (s, 9H, CH3); 2.24 (s, 3H, CH3); 2.53 (t, 4H, CH2, J
= 5.0 Hz); 2.67 (t, 2H, CH2, J = 6.7 Hz); 3.45 (bs, 4H, CH2); 3.59 (s,
2H, CH2); 3.81 (s, 2H, CH2); 3.83 (s, 3H, CH3); 4.23 (s, 2H, CH2);
7.24−7.31 (m, 5H, aryl); 7.43 (d, 1H, aryl, J = 8.6Hz); 7.71 (d, 1H, aryl,
J = 10.3 Hz); 8.21 (s, 1H, aryl); HR-MS m/z: calcd for C36H52N6O5
[(M+H)+]: 649.4072; found 649.4082.
3-(((3-(Aminomethyl)benzyl)(methyl)amino)methyl)-N-(3-ami-

nopropyl)-1-methyl-1H-indole-5-carboxamide (40). Obtained from
38 as an off-white powder in 45% yield using the general procedure C.
Precipitated from DCM/diethyl ether. 1H NMR (400 MHz,

CD3OD) δ: 1.98−2.05 (m, 2H, CH2,); 2.78 (s, 3H, CH3); 3.05 (t,
2H, CH2,J = 7.4 Hz); 3.56 (t, 2H, CH2,J = 6.5 Hz); 3.92 (s, 3H, CH3);
4.19 (s, 2H, CH2); 4.45 (bs, 2H, CH2); 4.64 (s, 2H, CH2); 7.56−7.65
(m, 6H, aryl); 7.81 (d, 1H, aryl, J = 8.7Hz); 8.25 (s, 1H, aryl). 13CNMR
(100 MHz, CD3OD) δ: 27.6, 32.1, 36.2, 37.0, 38.0, 42.5, 50.5, 58.4,
103.1, 109.8, 118.3, 121.3, 126.1, 127.4, 129.8, 130.2, 130.9, 131.4,
134.2, 134.4, 139.0, 170.3. HR-MS m/z calcd for C23H31N5O [(M +
H)+]: 394.2601; found 394.2866.
3-(((4-(Aminomethyl)benzyl)(methyl)amino)methyl)-1-methyl-

N-(2-(piperazin-1-yl)ethyl)-1H-indole-5-carboxamide (41). Synthe-
sized from 39 as a white powder in 44% yield using the general
procedure C.
Precipitated from DCM/diethyl ether. 1H NMR (CD3OD, 400

MHz) δ: 2.79 (s, 3H, CH3); 3.92 (t, 2H, CH2, J = 6.0 Hz); 3.03−3.06
(m, 4H, CH2); 3.32−3.36 (m, 6H, CH2); 3.67 (t, 2H, CH2, J = 6.2 Hz);
3.93 (s, 3H, CH3); 4.22 (s, 2H, CH2); 4.59−4.68 (m, 2H, CH2); 7.57
(d, 1H, aryl, J = 8.7 Hz); 7.60−7.65 (m, 5H, aryl); 7.78−7.81 (m, 1H,
aryl); 8.14 (s, 1H, aryl); 13C NMR (CD3OD, 100 MHz) δ: 32.1; 36.2;
38.0; 42.4; 42.8; 49.3; 50.3; 56.6; 58.2; 102.9; 109.7; 118.4; 121.1;
126.3; 127.4; 129.6; 130.4; 130.9; 131.5; 134.1; 135.2; 138.9; 169.8;
HR-MS m/z: calcd for C26H36N6O [(M+H)+]: 449.3023; found
449.3029.
N-(3,4-Dimethylphenyl)-1-methyl-1H-indole-5-carboxamide

(42). Synthesized from 2 as a yellowish oil in 62% yield using the general
procedure A.
FC in n-hexane/ethyl acetate 1/1, Rf: 0.44. 1H NMR (CD3OD, 400

MHz) δ: 2.23 (s, 3H, CH3); 2.26 (s, 3H, CH3); 3.80 (s, 3H, CH3); 3.85
(s, 3H, CH3); 6.56 (d, 1H, aryl, J = 3.0 Hz); 7.09 (d, 1H, aryl, J = 8.1
Hz); 7.23 (d, 1H, aryl, J = 3.1Hz); 7.41 (d, 2H, aryl, J = 8.7Hz); 7.46 (s,

1H, aryl); 7.77 (d, 1H, aryl, J = 10.2 Hz); HR-MS m/z: calcd for
C18H18N2O [(M+H)+]: 279.1492; found 279.1476.
N-(4-Fluorophenyl)-1-methyl-1H-indole-5-carboxamide (43).

Synthesized from 2 as an off-white oil in 60% yield using the general
procedure A.
FC in dichloromethane/ethyl acetate 9.5/0.5, Rf: 0.45. 1H NMR

(CDCl3, 400 MHz) δ: 3.77 (s, 3H, CH3); 3.85 (s, 3H, CH3); 6.52 (d,
1H, aryl, J = 3.1 Hz); 6.99 (t, 1H, aryl, J = 8.6 Hz); 7.07 (d, 1H, aryl, J =
3.0Hz); 7.31 (d, 1H, aryl, J = 8.6Hz); 7.54−7.57 (m, 2H, aryl); 7.69 (d,
1H, aryl, J = 8.6 Hz); 7.80 (bs, 1H, CONH); 8.10 (s, 1H, aryl); HR-MS
m/z: calcd for C16H13FN2O [(M+H)+]: 269.1085; found 269.1099.
1-Methyl-N-(4-methylbenzyl)-1H-indole-5-carboxamide (44).

Obtained from 2 as an off-white oil in 76% yield using the general
procedure A.
FC in n-hexane/ethyl acetate 3/1, Rf: 0.48. 1H NMR (CDCl3, 400

MHz) δ: 2.38 (s, 3H, CH3); 3.84 (s, 3H, CH3); 4.66 (d, 2H, CH2, J =
5.5 Hz); 6.41 (bs, 1H, CONH); 6.56 (d, 1H, aryl, J = 2.8 Hz); 7.13 (d,
1H, aryl, J = 3.1 Hz); 7.20 (d, 2H, aryl, J = 7.8 Hz); 7.30 (t, 2H, aryl, J =
5.3 Hz); 7.35 (d, 1H, aryl, J = 8.6 Hz); 7.72 (d, 1H, aryl, J = 8.6 Hz);
8.11 (s, 1H, aryl); HR-MS m/z: calcd for C18H18N2O [(M+H)+]:
279.1492; found 279.1499.
1-Methyl-N-(p-tolyl)-1H-indole-5-carboxamide (45). Synthesized

from 2 as an off-white oil in 68% yield using the general procedure A.
FC in dichloromethane/ethyl acetate 9.5/0.5. 1HNMR (CDCl3, 400

MHz) δ: 2.36 (s, 3H, CH3); 3.80 (s, 3H, CH3); 6.56 (d, 1H, aryl, J = 3.6
Hz); 7.12 (d, 1H, aryl, J = 3.2 Hz); 7.18 (d, 2H, aryl, J = 8.2 Hz); 7.32
(d, 1H, aryl, J = 8.6 Hz); 7.58 (d, 2H, aryl, J = 8.4 Hz); 7.78 (d, 1H, aryl,
J = 8.6 Hz); 8.05 (bs, 1H, CONH); 8.19 (s, 1H, aryl); HR-MS m/z:
calcd for C17H16N2O [(M+H)+]: 265.1335; found 265,1358.
1-Methyl-N-(3,4,5-trimethoxyphenyl)-1H-indole-5-carboxamide

(46). Synthesized from 2 as an off-white oil in 68% yield using the
general procedure A.
FC in n-hexane/ethyl acetate 1:1, Rf: 0.43. 1H NMR (CD3Cl3, 400

MHz) δ: 3.68 (s, 3H, CH3); 3.78 (s, 3H, CH3); 3.89 (s, 6H, CH3); 6.60
(d, 1H, aryl, J = 3.8 Hz); 7.50 (d, 1H, aryl, J = 8.7 Hz); 7.81 (d, 1H, aryl,
J = 6.9 Hz); 8.25 (s, 1H, aryl); HR-MSm/z: calcd for C19H20N2O4 [(M
+H)+]: 341.1496; found 341,1472.
3-(((2-([1,1′-Biphenyl]-4-yl)ethyl)amino)methyl)-N-(3,4-dime-

thylphenyl)-1-methyl-1H-indole-5-carboxamide (47). Obtained
from 42 as a whitish oil in 55% yield using the general procedure B.
FC in dichloromethane/methanol 9.5/0.5, Rf: 0.44. 1H NMR

(CD3OD, 400 MHz) δ: 2.27 (s, 3H, CH3); 2.29 (t, 2H, CH2, J = 7.3
Hz); 2.94 (t, 2H, CH2, J = 7.0 Hz); 3.05 (t, 2H, CH2, J = 7.6 Hz); 3.85
(s, 3H, CH3); 4.14 (s, 2H, CH2); 7.12 (d, 2H, aryl, J = 8.6 Hz); 7.28−
7.32 (m, 4H, aryl); 7.37−7.44 (m, 3H, aryl); 7.47−7.56 (m, 6H, aryl);
7.83 (d, 2H, aryl, J = 10.2 Hz); 8.32 (s, 1H, aryl); 13C NMR (CD3OD,
100 MHz) δ: 17.9; 18.6; 31.6; 34.1; 42.8; 49.4; 109.1; 118.5; 118.6;
121.1; 122.2; 125.7; 126.4; 126.8; 127.0; 128.4; 128.8; 129.4; 130.1;
132.3; 136.4; 136.5; 138.1; 139.3; 140.7; 168.5; HR-MS m/z: calcd for
C33H33N3O [(M+H)+]: 488.2696; found 488.2699.
tert-Butyl 4-(2-(((5-((3,4-Dimethylphenyl)carbamoyl)-1-methyl-

1H-indol-3-yl)methyl)amino)ethyl)piperazine-1-carboxylate (48).
Synthesized from 42 as an off-white oil in 46% yield using the general
procedure B.
FC in dichloromethane/methanol 9/1, Rf: 0.37. 1H NMR (CD3OD,

400MHz) δ: 1.43 (s, 9H, CH3); 2.28 (s, 3H, CH3); 2.31−2.34 (m, 5H,
CH2, CH3); 2.45 (t, 2H, CH2, J = 7.7 Hz); 2.51−2.56 (m, 3H, CH,
CH2); 2.81 (t, 2H, CH2, J = 6.2 Hz); 2.87 (m, 1H, CH, J = 6.30 Hz);
3.46 (t, 2H, CH2, J = 4.2 Hz); 3.87 (s, 3H, CH3); 4.07 (s, 2H, CH2);
7.13 (d, 1H, aryl, J = 8.1 Hz); 7.32 (s, 1H, aryl); 7.43 (d, 1H, aryl, J = 8.0
Hz); 7.48 (d, 1H, aryl, J = 7.8 Hz); 7.52 (s, 1H, aryl); 7.84 (d, 1H, aryl, J
= 10.4 Hz); 8.35 (s, 1H, aryl); HR-MSm/z: calcd for C30H41N5O3 [(M
+H)+]: 520.3282; found 520.3261.
N-((3-(((4-Chlorophenethyl)amino)methyl)-1-methyl-1H-indol-5-

yl)methyl)-3,4-dimethylaniline (49). Synthesized from 42 as an off-
white oil in 68% yield using the general procedure B.
FC in dichloromethane/methanol 9/1, Rf: 0.41. 1H NMR (CD3OD,

400 MHz) δ: 2.26 (s, 3H, CH3); 2.29 (s, 3H, CH3); 2.83 (t, 2H, CH2, J
= 8.0 Hz); 2.92 (t, 2H, CH2, J = 7.5 Hz); 3.82 (s, 3H, CH3); 4.04 (s, 2H,
CH2); 7.12 (d, 1H, aryl, J = 8.1 Hz); 7.16 (d, 2H, aryl, J = 8.4 Hz);
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7.22−7.25 (m, 3H, aryl); 7.81 (d, 1H, aryl, J = 10.3 Hz); 8.28 (s, 1H,
aryl); 13C NMR (CD3OD, 100 MHz) δ: 17.9; 18.6; 31.6; 34.2; 43.0;
48.5; 49.5; 112.6; 118.6; 125.6; 126.9; 128.2; 129.4; 129.7; 129.9;
131.7; 132.3; 136.4; 136.5; 138.1; 139.0; 168.5; HR-MS m/z: calcd for
C27H30ClN3 [(M+H)+]: 432.2201; found 432.2207.
3-((Benzylamino)methyl)-N-(4-fluorophenyl)-1-methyl-1H-in-

dole-5-carboxamide (50).Obtained from 43 as a white oil in 61% yield
using the general procedure B.
FC in dichloromethane/methanol 9/1, Rf: 0.38. 1H NMR (CD3OD,

400 MHz) δ: 3.86 (s, 3H, CH3); 3.87 (s, 2H, CH2); 4.04 (s, 2H, CH2);
7.12 (d, 2H, aryl, J = 8.8Hz); 7.27−7.40 (m, 6H, aryl); 7.49 (d, 1H, aryl,
J = 8.6Hz); 7.70−7.73 (m, 2H, aryl); 7.82 (d, 1H, aryl, J = 8.6 Hz); 8.27
(s, 1H, aryl); 13C NMR (CD3OD, 100MHz) δ: 31.6; 42.4; 52.2; 109.1;
112.9; 114.7; 114.9; 121.0; 122.8; 125.3; 127.0; 128.2; 128.4; 129.8;
135.0; 138.7; 139.1; 158.2; 160.7; 168.7. HR-MS m/z: calcd for
C24H22FN3O [(M+H)+]: 388.1820; found 388.1826.
N-(4-Fluorophenyl)-1-methyl-3-((phenethylamino)methyl)-1H-

indole-5-carboxamide (51). Synthesized from 43 as an off-white oil in
68% yield using the general procedure B.
FC in dichloromethane/methanol 9/1, Rf: 0.39. 1H NMR (CD3OD,

400 MHz) δ: 2.86 (t, 2H, CH2, J = 6.7 Hz); 2.94 (t, 2H, CH2, J = 6.8
Hz); 3.83 (s, 3H, CH3); 4.04 (s, 2H, CH2); 7.10−7.26 (m, 8H, aryl);
7.46 (d, 1H, aryl, J = 8.6Hz); 7.70−7.74 (m, 2H, aryl); 7.82 (d, 1H, aryl,
J = 8.6 Hz); 8.25 (s, 1H, aryl); 13C NMR (CD3OD, 100 MHz) δ: 31.6;
35.0; 43.0; 49.8; 109.1; 112.9; 114.7; 114.9; 118.7; 121.0; 122.7; 122.8;
125.3; 125.9; 126.9; 128.2; 128.3; 129.6; 135.0; 139.1; 139.4; 158.2;
160.6; 168.6. HR-MS m/z: calcd for C25H24FN3O [(M+H)+]:
402.1976; found 402.1980.
N-(4-Fluorophenyl)-1-methyl-3-(((naphthalen-1-ylmethyl)-

amino)methyl)-1H-indole-5-carboxamide (52). Synthesized from 43
as an off-white oil in 55% yield using the general procedure B.
FC in dichloromethane/methanol 9/1, Rf: 0.38. 1H NMR (CD3OD,

400 MHz) δ: 3.86 (s, 3H, CH3); 4.16 (s, 2H, CH2); 4.29 (s, 2H, CH2);
7.12 (t, 2H, aryl, J = 8.9 Hz); 7.34 (s, 1H, aryl); 7.38−7.54 (m, 5H,
aryl); 7.67−7.70 (m, 2H, aryl); 7.79−7.86 (m, 3H, aryl); 7.93 (d, 1H,
aryl, J = 9.0 Hz); 8.31 (s, 1H, aryl); 13C NMR (CD3OD, 100 MHz) δ:
31.6; 43.0; 49.2; 109.1; 113.1; 114.7; 114.9; 118.9; 121.1; 122.7; 122.8;
123.0; 125.0; 125.3; 125.4; 125.9; 126.5; 127.1; 127.7; 128.3; 130.0;
131.6; 134.0; 134.5; 135.0; 139.2; 158.2; 160.6; 168.6. HR-MS m/z:
calcd for C28H24FN3O [(M+H)+]: 438.1976; found 438.1979.
N-(4-Fluorophenyl)-3-(((3-hydroxybenzyl)amino)methyl)-1-

methyl-1H-indole-5-carboxamide (53). Obtained from 43 as an off-
white oil in 47% yield using the general procedure B.
FC in dichloromethane/methanol 9/1, Rf: 0.38. 1H NMR (CD3OD,

400 MHz) δ: 3.80−3.82 (m, 5H, CH3, CH2); 4.03 (s, 2H, CH2); 6.71
(d, 1H, aryl, J = 8.12 Hz); 6.83 (d, 2H, aryl, J = 6.6 Hz); 7.08−7.17 (m,
3H, aryl); 7.28 (s, 1H, aryl); 7.45 (d, 1H, aryl, J = 8.6 Hz); 7.71 (dd, 2H,
aryl, J’ 4.9 Hz, J” = 8.9 Hz); 7.81 (d, 1H, aryl, J = 7.9 Hz); 8.28 (s, 1H,
aryl); 13C NMR (CD3OD, 100 MHz) δ: 31.6; 42.2; 51.9; 109.1; 112.3;
114.1; 114.7; 115.3; 118.8; 119.5; 121.0; 122.8; 122.9; 125.3; 127.0;
129.2; 130.0; 135.0; 139.1; 139.6; 157.4; 158.2; 160.6; 168.6. HR-MS
m/z: calcd for C24H22FN3O2 [(M+H)+]: 404.1769; found 404.1773.
3-(((3,4-Dihydroxybenzyl)amino)methyl)-1-methyl-N-(4-methyl-

benzyl)-1H-indole-5-carboxamide (54). Synthesized from 44 as an
off-white oil in 42% yield using the general procedure B.
FC in dichloromethane/methanol 8/2, Rf: 0.41. 1H NMR (CD3OD,

400 MHz) δ: 2.31 (s, 3H, CH3); 3.71 (s, 2H, CH2); 3.79 (s, 3H, CH3);
3.99 (s, 2H, CH2); 4.57 (s, 2H, CH2); 6.65−6.69 (m, 1H, aryl); 6.74 (d,
1H, aryl, J = 8.0 Hz); 6.80 (s, 1H, aryl); 7.14 (d, 2H, aryl, J = 7.8 Hz);
7.25 (t, 3H, aryl, J = 6.8 Hz); 7.40 (d, 1H, aryl, J = 8.7 Hz); 7.74 (d, 1H,
aryl, J = 7.0 Hz); 8.19 (s, 1H, aryl); 13C NMR (CD3OD, 100 MHz) δ:
19.7; 31.6; 42.0; 43.0; 51.7; 109.0; 111.8; 115.0; 115.7; 118.4; 120.0;
120.8; 125.1; 127.0; 128.7; 130.0; 136.0; 136.4; 138.9; 144.8; 145.2;
170.0; HR-MS m/z: calcd for C26H27N3O3 [(M+H)+]: 430.2125;
found 430.2130.
3-(((3,4-Dihydroxybenzyl)amino)methyl)-1-methyl-N-(p-tolyl)-

1H-indole-5-carboxamide (55). Synthesized from 45 as an off-white
oil in 43% yield using the general procedure B.
FC in ethyl acetate/methanol 7/3, Rf: 0.39. 1H NMR (CD3OD, 400

MHz) δ: 2.36 (s, 3H, CH3); 3.80 (s, 2H, CH2); 3.87 (s, 3H, CH3); 4.10

(s, 2H, CH2); 6.71−6.78 (m, 2H, aryl); 6.83 (d, 1H, aryl, J = 1.9 Hz);
7.20 (d, 2H, aryl, J = 8.2 Hz); 7.34 (s, 1H, aryl); 7.50 (d, 1H, aryl, J = 8.6
Hz); 7.58 (d, 2H, aryl, J = 8.4 Hz); 7.83 (d, 1H, aryl, J = 10.3 Hz); 8.30
(s, 1H, aryl); 13C NMR (CD3OD, 100 MHz) δ: 19.5; 31.6; 42.1; 51.8;
109.1; 115.0; 115.7; 118.7; 120.0; 121.0; 125.6; 127.0; 128.9; 130.0;
133.7; 136.2; 139.0; 144.7; 145.2; 168.6. HR-MS m/z: calcd for
C25H25N3O3 [(M+H)+]: 416.1969; found 416.1973.
3-(((3-Hydroxybenzyl)amino)methyl)-1-methyl-N-(3,4,5-trime-

thoxyphenyl)-1H-indole-5-carboxamide (56). Synthesized from 46 as
an off-white oil in 52% yield using the general procedure B.
FC in dichloromethane/methanol 9/1, Rf: 0.37. 1H NMR (CD3OD,

400 MHz) δ: 3.69 (s, 2H, CH2); 3.72 (s, 3H, CH3); 3.75 (s, 3H, CH3);
3.79 (s, 6H, CH3); 3.91 (s, 2H, CH2); 6.68−6.71 (m, 1H, aryl); 7.09−
7.12 (m, 3H, aryl); 7.16 (s, 1H, aryl); 7.36 (d, 1H, aryl, J = 8.7 Hz); 7.79
(dd, 1H, aryl, J′ = 1.7 Hz, J″ = 8.6 Hz); 8.26 (s, 1H, aryl); 13C NMR
(CD3OD, 100MHz) δ: 31.6; 42.5; 52.3; 55.2; 59.9; 98.5; 109.1; 113.1;
113.9; 115.2; 118.7; 119.4; 121.0; 125.3; 127.0; 129.2; 129.6; 134.3;
135.2; 139.0; 140.4; 153.0; 157.3; 168.5; HR-MS m/z: calcd for
C27H29N3O5 [(M+H)+]: 476.2180; found 476.2187.
3-((Benzyl(methyl)amino)methyl)-N-(4-fluorophenyl)-1-methyl-

1H-indole-5-carboxamide (57). Synthesized from 50 as an off-white
oil in 56% yield using the general procedure D.
FC in dichloromethane/methanol 9/1, Rf: 0.41. 1H NMR (CD3OD,

400MHz) δ: 2.31 (s, 3H, CH3); 3.68 (s, 2H, CH2); 3.86−3.87 (m, 5H,
CH3, CH2); 7.13 (t, 2H, aryl, J = 8.7 Hz); 7.24−7.35 (m, 4H, aryl); 7.38
(d, 2H, aryl, J = 9.4 Hz); 7.48 (d, 1H, aryl, J = 8.7 Hz); 7.71−7.74 (m,
2H, aryl); 7.81 (d, 1H, aryl, J = 8.6 Hz); 8.27 (s, 1H, aryl); 13C NMR
(CD3OD, 100 MHz) δ: 31.6; 40.7; 51.3; 61.1; 109.0; 114.7; 114.9;
119.4; 120.9; 122.7; 122.8; 125.5; 127.2; 127.8; 128.1; 129.4; 130.8;
135.1; 137.4; 139.1; 158.2; 160.6; 168.8. HR-MS m/z: calcd for
C25H24FN3O [(M+H)+]: 402.1976; found 402.1979.
N-(4-Fluorophenyl)-3-(((3-hydroxybenzyl)(methyl)amino)-

methyl)-1-methyl-1H-indole-5-carboxamide (58).Obtained from 53
as an off-white oil in 51% yield using the general procedure D.
FC in dichloromethane/methanol 9/1, Rf: 0.38. 1H NMR (CD3OD,

400 MHz) δ: 2.26 (s, 3H, CH3); 3.54 (s, 2H, CH2); 3.79 (s, 2H, CH2);
3.85 (s, 3H, CH3); 6.69 (d, 1H, aryl, J = 10.1 Hz); 6.83−6.85 (m, 2H,
aryl); 7.10−7.15 (m, 3H, aryl); 7.28 (s, 1H, aryl); 7.47 (d, 1H, aryl, J =
8.6 Hz); 7.71−7.74 (m, 2H, aryl); 7.80 (d, 1H, aryl, J = 8.6 Hz); 8.30 (s,
1H, aryl); 13C NMR (CD3OD, 100 MHz) δ: 31.6; 41.0; 51.4; 61.2;
109.0; 111.8; 113.9; 114.7; 116.1; 119.5; 120.4; 120.8; 122.8; 122.9;
125.3; 127.8; 128.9; 130.1; 135.0; 139.1; 139.5; 157.2; 158.3; 160.6;
168.8. HR-MS m/z: calcd for C25H24FN3O2 [(M+H)+]: 418.1925;
found 418.1929.
3-(((3-Hydroxybenzyl)(methyl)amino)methyl)-1-methyl-N-(3,4,5-

trimethoxyphenyl)-1H-indole-5-carboxamide (59). Synthesized from
56 as an off-white oil in 48% yield using the general procedure D.
FC in dichloromethane/methanol 9/1, Rf: 0.42. 1H NMR (CDCl3,

400 MHz) δ: 2.15 (s, 3H, CH3); 3.44 (s, 2H, CH2); 3.61 (s, 2H, CH2);
3.67 (s, 3H, CH3); 3.74 (s, 3H, CH3); 3.75 (s, 6H, CH3); 6.69 (t, 2H,
aryl, J = 8.3 Hz); 6.95 (s, 1H, aryl); 6.99 (s, 2H, aryl); 7.03 (t, 1H, aryl, J
= 7.8 Hz); 7.10 (s, 1H, aryl); 7.18−7.20 (m, 1H, aryl); 8.33 (s, 1H,
CONH); 8.48 (s, 1H, aryl); 13C NMR (CDCl3, 100 MHz) δ: 32.9;
42.0; 50.7; 52.0; 56.1; 61.0; 61.2; 98.1; 109.2; 115.1; 116.6; 120.4;
120.9; 121.1; 125.2; 127.8; 129.3; 130.1; 134.6; 139.1; 153.3; 156.9;
167.3; HR-MS m/z: calcd for C28H31N3O5 [(M+H)+]: 490.2336;
found 490.2341.
N-(3,4-Dimethylphenyl)-1-methyl-3-(((2-(piperazin-1-yl)ethyl)-

amino)methyl)-1H-indole-5-carboxamide (60). Obtained from 48 as
an off-white powder in 42% yield using the general procedure C.
Precipitated from DCM/diethyl ether. 1H NMR (CD3OD, 400

MHz) δ: 2.28 (s, 3H, CH3); 2.31 (s, 3H, CH3,); 2.71−2.78 (m, 6H,
CH2); 3.20−3.27 (m, 6H, CH2); 3.92 (s, 3H, CH3); 4.54 (s, 2H, CH2);
7.14 (d, 1H, aryl, J = 8.1Hz); 7.46−7.51 (m, 2H, aryl); 7.58 (d, 1H, aryl,
J = 8.7 Hz); 7.62 (s, 1H, aryl); 7.90 (d, 1H, aryl, J = 7.2 Hz); 8.51 (s, 1H,
aryl); 13C NMR (CD3OD, 100 MHz) δ: 17.9; 18.6; 32.0; 41.4; 42.5;
43.2; 49.1; 52.6; 105.0; 110.0; 118.7; 118.8; 121.5; 122.3; 126.7; 126.8;
129.4; 132.5; 133.3; 136.3; 136.6; 139.0; 168.2; HR-MS m/z: calcd for
C25H33N5O [(M+H)+]: 420.2758; found 420.2762.
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Enzymatic Inhibitory Activity Evaluation. Reagents and
Substrates. ULight-Histone H3 (Thr3/Ser10) peptide, Ultra ULight-
eIF4E-binding protein 1 (Thr37/46) peptide, Europium-antiphospho-
Histone H3 (Thr3) antibody, Europium-antiphospho-eIF4E-binding
protein 1 (Thr37/46) antibody, Europium-antiphospho-Histone H3
(Ser10) antibody, LANCE Detection Buffer (10×), white OptiPlate-
384, and TopSeal-A film were purchased from PerkinElmer. ATP was
purchased from Sigma-Aldrich (St Louis, Missouri). Haspin_human
was purchased from GenScript. CDK1/CycB1 (Cat. N. 0134-0135p1)
and AuroraB (Cat. N. 0190-0000-1) were purchased from ProQinase.
CDK2/CycA2 (Cat. N. 04-103) CDK5/p25 (Cat. N. 04-106), CDK9/
CycT1 (Cat. N. 04-110), GSK3a (Cat. N. 04-140), and GSK3b (Cat.
N. 04-141) were purchased from Carna Biosciences.
TR-FRET Assays. LANCE Ultra TR-FRET assays were performed at

25 °C in white Optiplate-384. Enzymatic reaction was performed in a
final volume of 20 μL using kinase buffer (50mMHEPES pH 7.5, 1mM
EGTA, 10 mM MgCl2, 2 mM DTT, and 0.01% Tween 20). The
compounds, dissolved in DMSO, were diluted in kinase buffer, keeping
constant the concentration of DMSO (2%) in each well. The
compound CHR-6494 was used as a positive control (IC50 3.5 ± 0.1
nM), while DMSO was used as a reference. Kinases (5−15 nM, final
concentration) were incubated with the compounds (100−0.001 μM)
for 30 min, and then a mixture of ATP (7.5 μM, final concentration)
and ULight-Histone H3 (Thr3/Ser10) peptide or ULight-eIF4E-
binding protein 1 (Thr37/46) peptide (50 nM, final concentration)
was added. The enzymatic reaction was incubated for 2 h at room
temperature, and then it was stopped by addition of a detection mix, 24
or 32 mM EDTA and 2 nM (final concentration) Europium-
antiphospho-Histone H3 (Thr3) antibody or Europium-antiphospho-
eIF4E-binding protein 1 (Thr37/46) antibody or Europium-anti-
phospho-Histone H3 (Ser10) antibody, both diluted in detection
buffer 1×. After another incubation for 1 h, the TR-FRET signal was
read with the EnSpire Multimode Plate Reader (PerkinElmer)
(excitation at 320 nm and emissions at 615 and 665 nm). Data were
analyzed using Excel and GraphPad Prism Version 8 (GraphPad
Software Inc., La Jolla, California). Values obtained for each compound
are the means ± SD determined for at least three separate experiments.
For the determination of IC50, the compound was tested in seven doses
with serial dilutions and the data were fitted using the sigmoidal dose−
response (variable slope) equation.
In-Cell Experiments. Cell Cultures. All cell lines were purchased

from the American Type Culture Collection (ATCC; Manassas,
Virginia, USA).
The MCF7, HeLa, MiaPaca2, and A375 cancer cell lines were

cultured in Dulbecco’s modified Eagle's medium (DMEM, 4500 mg/
mL glucose) supplemented with 10% (v/v) fetal bovine serum, 2mM L-
glutamine, 100 U/mL penicillin, and 0.1 mg/mL streptomycin.
The Raji line was cultured in Roswell Park Memorial Institute 1640

medium (RPMI 1640, 4500 mg/mL glucose) supplemented with 10%
(v/v) fetal bovine serum, 2 mM L-glutamine, 100 U/mL penicillin, and
0.1 mg/mL streptomycin.
The IEC-6 normal cell line was cultured in DMEM (4500 mg/mL

glucose) supplemented with 10% (v/v) fetal bovine serum, 2 mM L-
glutamine, 0.1 IU/mL insulin, 100 U/mL penicillin, and 0.1 mg/mL
streptomycin.
Cells were routinely grown in culture dishes (Corning, Corning,

New York, New York, USA) in an environment containing 5% CO2 at
37 °C and passaged at confluence using a solution of 0.25% trypsin and
0.1% EDTA. In each experiment, cells were placed in a fresh medium,
cultured in the presence of synthesized compounds, and followed for
further analyses. All experiments were performed in triplicate.
Cell Viability Assay. Cell viability was determined by measuring

mitochondrial metabolic activity using MTT (3-[4,5-dimethylthiazol-
2,5-diphenyl-2H-tetrazolium bromide) as a colorimetric assay based on
its reduction to purple formazan. Briefly, HeLa (2.5 × 103 cells/well),
Raji (3 × 104 cells/well), A-375 (2 × 103 cells/well), MIA PaCa-2 (4 ×
103 cells/well), MCF-7 (6 × 103 cells/well), and IEC-6 (1 × 104 cells/
well) were plated into 96-well plates containing 200 μL of the medium;
after 24 h of growth to allow attachment to the wells, paclitaxel (Sigma-
Aldrich, Milan, Italy) (final concentration, 100, 10, 1 nM) and/or

compounds were administered at various concentrations (from 40 to
0.040 μM) for 48 or 72 h depending on the treatment. Then, the cells
were replaced with a fresh medium containing 0.5 mg/mL MTT. The
cells were incubated from 1 to 3 h at 37 °C, and then the medium was
discarded; formazan blue crystals in the cells dissolved with 100 μL per
well of a solution containing isopropanol/HCl 0.1 M. The absorbance
was measured at 570 nm using a microplate reader (Multiskan GO,
Thermo Scientific, Waltham, Massachusetts, USA). Cell viability was
expressed as a percentage relative to the untreated cells cultured in
medium with 0.1% DMSO and set to 100% viability, whereas 10%
DMSO was used as positive control of mortality and set to 0% of
viability. The EC50 values were calculated using GraphPad Prism 8.0
software by nonlinear regression of dose−response inhibition.
Determination of Hypodiploid Nuclei and Cell Cycle.Hypodiploid

nuclei and cell cycle were analyzed using propidium iodide staining by
flow cytometry. HeLa cells (2 × 104 cells/well) were grown in 24-well
plates and allowed to adhere for 24 h. Later, the medium was replaced,
and cells were treated with small molecules for 48 h. After treatment, the
culture mediumwas replaced and cells were washed twice with PBS and
then suspended in 500 μL of a solution containing 50 μg/mL
propidium iodide, 0.1% (w/v) sodium citrate, and 0.1% Triton X-100.
Culture medium and PBS were centrifuged, and cell pellets were pooled
with cell suspension to retain both dead and living cells for analysis.
After incubation at 4 °C for 30min in the dark, cell nuclei were analyzed
with a Becton Dickinson FACScan flow cytometer using the Cell Quest
software, version 4 (Franklin Lakes, NJ, USA). Cellular debris was
excluded from the analysis by raising the forward scatter threshold, and
then the percentage of cells in the Hypodiploid region (sub G0/G1)
was calculated. For cell cycle analysis, samples were analyzed with a
FACScan flow cytometer (Becton Dickinson, CA) using the ModFit
program.
Metaphase Block and Histone Extraction for Western Blotting

Analysis. HeLa cells (1.5 × 105 cells/well) were grown in 60 mm
culture dishes to 70% confluency and then treated with small molecules
at their EC50 for 48 h. To synchronize the cells, colcemid, which
depolymerizes microtubules and blocks mitosis at the metaphase, was
added (final concentration, 50 ng/mL); after a further 24 h of growth,
the culture medium was replaced and the cells were washed twice with
PBS and then harvested with a scraper. The cells were centrifuged twice
at 400× g for 10min at 4 °C, discarding the supernatant. Then, the cells
were resuspended in 200 μL of TEB (PBS containing 0.5% Triton X-
100 (v/v), phosphatase inhibitors 1×) allowing to lyse on ice for 10
min. Afterward, the cell lysates were centrifuged at 700× g for 10 min at
4 °C to spin down the nuclei. The supernatant was discarded. Nuclei
were washed with PBS 100 μL and centrifuged as before. Each pellet
was resuspended with 100 μL of 0.2 N HCl, and acid extraction of the
histones was performed overnight at 4 °C. After 16 h, the samples were
centrifuged at 700 × g for 10 min at 4 °C to pellet debris and collect the
supernatant, which contains the histone proteins. HCl was neutralized
with 10 μL of 2 M NaOH. The protein content was determined by
using the Bradford assay.
15 μg of total proteins was run on 15% SDS-PAGE and transferred to

nitrocellulose membranes using a minigel apparatus (Bio-Rad
Laboratories, Richmond, Canada). Ponceau S dye was applied to
confirm histone extraction, and the proteins on the membrane were
stained with red color, and then the membrane was destained with
water. Blots were blocked in Tris-buffered saline, containing 3% nonfat
dry milk, for 1 h at room temperature and incubated overnight with
rabbit polyclonal antiphospho-Histone H3 Thr3 (1:5000, Sigma-
Aldrich, Milan, Italy) at 4 °C with slight agitation. Anti-Laminin A
(1:1000, Sigma-Aldrich, Milan, Italy) was used as the loading control.
After washes in PBS/0.1% Tween 20 or TBS/0.1% Tween 20, the
appropriate antirabbit or antimouse (1:5000, Pierce, Thermo Fisher
Scientific) peroxidase-linked secondary antibody was added for 1 h at
room temperature. The signal was detected using an enhanced
chemiluminescent substrate and the LAS 4000 (GE Healthcare,
Waukesha, Wisconsin, USA) digital imaging system. The densitometric
analysis of autoradiographs was performed by the ImageJ program,
version 1.47.
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Cytosolic Extraction for Western Blotting Analysis. The HeLa cell
line (1.5 × 105 cells/well) was seeded in 60 mm culture dishes and
treated with drugs at their EC50 for 48 h. The cells were washed twice
with PBS, detached with a scraper, and centrifuged for 5 min at 655× g
at 4 °C. Full proteins were extracted by lysis buffer (20 mM Tris−HCl
pH 7.5, 150 mMNaCl, 1 mMNa2EDTA, 1 mM EGTA, 2% NP-40, 1%
sodium deoxycholate, 1× protease, and phosphatase inhibitor cocktail)
for 30 min. Thereafter, the cell lysates were centrifuged at 4850× g for
20 min at 4 °C. 30 μg of total proteins were run on 10% SDS-PAGE and
transferred to nitrocellulose membranes using aminigel apparatus (Bio-
Rad Laboratories, Hercules, California, USA). Blots were blocked in
phosphate-buffered saline, containing 0.1% Tween 20 and 10% nonfat
dry milk for 1 h at room temperature, and incubated overnight with
specific primary antibodies at 4 °C with slight agitation. GAPDH was
used as the loading control. The following antibodies were used: Cyclin
E1 (rabbit polyclonal, 1:1000; Elabscience; Houston, Texas, USA),
Cyclin A2 (rabbit polyclonal, 1:1000; Elabscience; Houston, Texas,
USA). After washes in PBS/0.1% Tween 20, the appropriate antirabbit
(Pierce, Thermo Fisher Scientific, Waltham, Massachusetts, USA)
peroxidase-linked secondary antibody was added for 1 h at room
temperature. Antigen−antibody complexes were detected as reported
before.
Indirect Immunofluorescence. HeLa cells (1.5 × 105 cells/60 mm

dish) were grown to 70% confluence and then treated with the small
molecules at their EC50 for 8 h. After the metaphase block, performed
using paclitaxel (10 nM, 16 h) in a fresh medium, the cells were washed
with PBS, harvested with trypsin, and carefully placed in a cytospin
centrifuge for 5 min at 113 × g. The samples were fixed in PBS−4%
paraformaldehyde for 20 min and then permeabilized with PBS
containing 0.1% Triton X-100 (v/v) and 2% BSA at RT for 1 h. The
cells were immunostained with the following primary antibodies for 1 h
at RT: rabbit polyclonal antiphospho-Histone 3 Thr3, 1:100, Sigma-
Aldrich (Milan, Italy); mouse monoclonal anti-α-tubulin, 1:1000,
Sigma-Aldrich (Milan, Italy). Primary antibodies were revealed with
Alexa 488- and Cy3-conjugated secondary antibodies (Molecular
Probes, Invitrogen). After the staining of nuclei with Hoechst 33342
(Sigma-Aldrich, Milan, Italy), the slides were mounted with mowiol
(Calbiochem, Darmstadt, Germany) and processed for confocal
imaging. Images were acquired on a laser scanning confocal microscope
(TCS SP5; LeicaMicrosystems) equippedwith a Plan Apo 63×, NA 1.4
oil immersion objective lens taking care to use the same parameters and
to remain below saturation.63 Quantitative analysis was performed by
the ImageJ software after automatic thresholding. A binary image mask
was created of the pH3Thr3 staining to define for each cell the region of
interest (ROI) for the analysis. Each of these ROI masks was then
applied to the original staining images of p-H3Thr3 to calculate the
mean intensity of fluorescence in the defined ROI. The measurement of
the number of cells displaying alteration of the mitotic spindle was
performed manually by considering altered the mitotic spindles
displaying alterations of the distribution or of the number of
centrosomes.
3D Cell Culture Generation and Mortality Determination. 20 μL

drops of the culture medium solution containing 2 × 103 cells were
pipetted onto the lid of 60 mm culture dishes and were inverted over
dishes containing 3 mL of PBS. Hanging drop cultures were incubated
for 4 days, to allow sedimentation. The resultant cell aggregates were
harvested, and each spheroid was gently transferred into an agarose-
coated 24-well plate for 3-day treatments with paclitaxel (1 nM) or
compounds of interest at their EC50. After the treatments, the cells in
3D models were first dissociated by PBS 1× with 10% trypsin and then
they were counted by using trypan blue. Images were captured using a
LEICA ICC50 HD light microscope (10×) (Leica Microsystems,
Wetzlar, Germany).
Drug Combination Study. Drug combination studies have been

assessed by using the Chou−Talalay method, which is based on the
median effect, and the CI equation was calculated with the Zero
Interaction Potency (ZIP) model in order to determine the
quantization of drug interactions. The CI was computed in SiCoDEA,
calculated on cell proliferation following the treatments with paclitaxel,
49, and 62.64

Statistical Analysis.Data are reported as mean ± SD of results from
three independent experiments. Statistical analysis was performed using
an analysis of variance test, and multiple comparisons were made with
the Bonferroni’s test with GraphPad Prism 8.0 software (San Diego,
California, USA). Significance was assumed at p < 0.05.

In Vitro Pharmacokinetic Assessment. Instrumentation. RP-
UHPLC-PDA MS analysis was performed using a Nexera UHPLC
system (Shimadzu, Kyoto, Japan) consisting of a CBM-40 lite
controller, two LC-40B X3 pumps, a CTO-30A column oven, and a
SIL-40C X3 autosampler. The system was coupled online to a a single
quadrupole mass spectrometer LC-MS-2020 (Shimadzu, Kyoto, Japan)
equipped with an electrospray ionization (ESI) source.
LC-MS Conditions. All additives and mobile phases were of LC-MS

grade and purchased from Merck (Milan, Italy).
The separation was performed on a BIOshell A160 Peptide C18

HPLC Column (150 × 2.1 mm × 2 μm, Sigma-Aldrich, Bellefonte,
Pennsylvania, USA) employing the following as mobile phases: (A)
H2O and (B) ACN, both acidified with 0.1% formic acid with the
following gradient: 0.01−3.00 min, 2−2% B; 3−15.00 min, 2−95% B;
15−18.00 min, isocratic to 95%, and then 6 min for re-equilibration
column. The flow rate and column oven were set at 0.3 mL min−1 and
40 °C, respectively.
The ESI was operated in positive mode, with the following

parameters: event time, 0.1 s; interface, DL, heat block temperatures:
350, 250, and 200 °C respectively. Nebulizing gas and drying gas flow
were set to 1.5 and 15 L min −1, respectively.
MS analyses were conducted in scheduled single reactionmonitoring

(SIM) employing as precursor [M + H]+ for 47: 488 m/z and 60: 420
m/z.
For the calibration curves, the primary stock solutions (10mM)were

prepared in DMSO. The intermediate stock solutions (0.1 mM) and
the working standard solutions were prepared by serial dilution of the
stock solutions in methanol to obtain necessary concentrations (1−20
μM). Tolbutamide was used as the internal standard (IS, 271 m/z).
Quantitation of 47 and 60 compounds was performed using linear
regression of the response ratios (peak area analyte/peak area internal
standard) obtained from the calibration curve to calculate the
corresponding amount.
The following method validation parameters were evaluated: limit of

detection (LOD) and quantification (LOQ), precision, and accuracy.
LOD and LOQ were calculated by using the standard deviation (SD)
and the slope of the calibration curve, multiplied by 3.3 and 10,
respectively. The repeatability of the chromatographic system was
assessed in terms of intraday and interday precision. The accuracy was
calculated by the percentage relative error (Er %), and the precision was
evaluated by the percentage of relative standard deviation (% RSD).
The obtained data demonstrated acceptable accuracy and precision of
the developed analytical method (Table S2).
Chemical and Biochemical Stability. 2.5 μL of test compounds (10

μM final incubation concentration) was incubated in 250 μL of
simulated gastric fluid (SGF) or simulated intestinal fluid (SIF) up to
120 min at 37 °C in the presence or absence of digestive enzymes
(Blank).65 At each specified time point (0, 0.5, 1, 1.5, and 2 h), the test
compounds were removed into 200 μL ice-cold methanol containing IS
to stop degradation. Finally, the concentration of the test compound
was quantified by LC-MS. The percentage of the test compound
remaining (relative to the 0 min time point) at the individual time
points is then reported. All experiments were performed in duplicate.
In Vitro Drug Metabolism Using Human Liver Microsomes. For

CYP and UGT microsomal stability assay, 25 μL of 5 mg/mL human
was preincubated with alamethicin. The reaction was initiated by
adding 50 μL of NADPH 10mM andUDPGA 10mM as cofactors (1:1
v/v) and carried out at 37 °C for 15, 30, 45, and 60 min in a
Thermomixer comfort (Eppendorf, Hamburg, Germany). The reaction
was stopped by the addition of 200 μL of ice-cold acetonitrile
containing IS, and then samples were centrifuged at 14,000 rpm at 25
°C for 5 min (Eppendorf microcentrifuge 5424, Hamburg, Germany).
The supernatants were collected and injected in LC-MS. The control at
0 min was obtained by addition of the organic solvent immediately after
incubation with microsomes. As the positive controls, testosterone and
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3-(α-acetonylbenzyl)-4-hydroxycoumarin were used. For the negative
control, incubation up to 60 min without UDPGA/NADPH was
prepared. All experiments were performed in duplicate.
Human and Rat Plasma Stability. The plasma stability of

compounds 47 and 60 was evaluated. Briefly, plasma was warmed to
37 °C for 10 min, mixed, and centrifuged to pellet any aggregated
protein. Plasma was equilibrated to 37 °C, and biotransformation was
initiated by addition of compound solution (1.25 μL, 10 μM final
incubation concentration), and mixing. At each specified time point (0,
30, 60, 90, and 120 min), the test compounds were removed into 250
μL of ice-cold methanol to stop degradation. An internal standard was
added during the quenching phase. Finally, the concentration of the test
compounds was quantified by LC-MS. The percentage of the test
compounds remaining (relative to the 0 min time point) at the
individual time points was then reported. All experiments were
performed in duplicate. As controls, procaine and procainamide were
used.
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TECNOLOGIA A RNA” Tematica PNRR M4C2-CUP:
D43C22001200001 to P.C.

■ ABBREVIATIONS
ABC:ATP-binding cassette
ACN:acetonitrile
CDK1:cyclin-dependent kinase 1
CPC:chromosome passenger complex
CI:combination index
Ctrl:control
CYCB1:cyclin-dependent protein kinase
DIPEA:N,N-diisopropylethylamine
DL:desolvation line
DMEM:Dulbecco’s modified Eagle's medium
EGTA:ethylene glycol-bis(beta-aminoethyl ether)-
N,N,N′,N′-tetraacetic acid
FC:flash chromatography
GAPDH:glyceraldehyde 3-phosphate dehydrogenase
GSG2:germ cell−specific gene 2
H3T3:histone H3 threonine 3
Haspin:haploid germ cell−specific nuclear protein kinase
HBTU:2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluro-
nium hexafluorophosphate
HEPES:N′-2-hydroxyethylpiperazine-N′-2 ethanesulfonic
acid
HOBt:hydroxybenzotriazole
HP1:heterochromatin protein 1
HTVS:high-throughput virtual screening
JAK2:Janus kinase 2
LOD:limit of detection
LOQ:limit of detection quantification
Msk:mitogen and stress-activated protein kinase
MTT:3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium
bromide
RDS:relative standard deviation
ROI:region of interest
RSK2:ribosomal S6 kinase 2
SAC:spindle assembly checkpoint
SD:standard deviation
SGF:simulated gastric fluid
SIF::simulated intestinal fluid
SP:standard precision
TIS:triisopropylsilane
UGT:uridine diphosphate (UDP)-glucuronosyltransferases
UDPGA:uridine diphosphate glucuronic acid
XP:extra precision
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