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Human 15-lipoxygenase-1 (h-15-LOX-1) is a promising drug target in inflammation and cancer. In this
study substitution-oriented screening (SOS) has been used to identify compounds with a 2-aminopyrrole
scaffold as inhibitors for h-15-LOX-1. The observed structure activity relationships (SAR) proved to be
relatively flat. IC50's for the most potent inhibitor of the series did not surpass 6.3 mM and the enzyme
kinetics demonstrated uncompetitive inhibition. Based on this, we hypothesized that the investigated 2-
aminopyrroles are pan assay interference compounds (PAINS) with photoactivation via a radical
mechanism. Our results demonstrated clear photoactivation of h-15-LOX-1 inhibition under UV and
visible light. In addition, the investigated 2-aminopyrroles decreased viability of cultured human hep-
atocarcinoma cells HCC-1.2 in a dose-dependent manner with LD50 ranging from 0.55 ± 0.15 mM (21B10)
to 2.75 ± 0.91 mM (22). Taken together, this indicates that photoactivation can play an important role in
the biological activity of compounds with a 2-amino-pyrrole scaffold as investigated here.

© 2017 Elsevier Masson SAS. All rights reserved.
1. Introduction

Many diseases that are predominant in the aging western
population have an immunological component. For example,
immunological responses plays a key role in cancer, which is the
second-leading cause of death, resulting in about 8.2 million
(14.6%) of human deaths in total [1e3]. Therefore, it is important to
investigate the molecular mechanisms driving the immune system
in aging-related diseases with an immunological component.

Enzymes that produce signaling molecules are key regulators of
molecular mechanisms involved in immune responses and cell
proliferation. Therefore, the development of novel selective mole-
cules to inhibit enzyme activity in model systems for these diseases
is urgently needed.

One enzyme that has been increasingly associated with regu-
lation of the immune system in various conditions is human 15-
lipoxygenase-1 (h-15-LOX-1) [4e7]. h-15-LOX-1 belongs to the
heterogenous family of Lipoxygenases (LOXs), which are non-heme
erved.
iron-containing enzymes that regio- and stereospecifically intro-
duce oxygen into 1,4 polyunsaturated fatty acids to produce the
corresponding hydroperoxy derivatives. The primary lipid peroxi-
dation products from arachidonic acid (AA) and linoleic acid (LA)
are hydroperoxyeicosatetraenoic acid (HpETE) and hydro-
peroxyoctadecadienoic acid (HpODE), respectively. These perox-
ides can be reduced to the respective hydroxy fatty acids, such as
hydroxyeicosatetraenoic acid (HETE), hydroxyoctadecadienoic acid
(HODE), lipoxins, eoxins, and leukotrienes [6,8]. In mammals, LOXs
are classified according to their positional specificity of arachidonic
acid oxygenation at carbons 5, 8, 9, 11, 12 or 15. Meanwhile, the
basic catalytic mechanism of h-15-LOX-1 is generally accepted to be
as follows. The iron (III) containing active site of activated 15-LOX
causes single electron oxidation of arachidonic or linoleic acid
that is bound to the active site, resulting in a carbon centered
radical that reacts with O2, and generates a new radical. Then, the
radical endoperoxide oxidizes the iron(II) to iron(III) for the next
catalytic cycle [5,9].

The enzyme, h-15-LOX-1 and its metabolites have been impli-
cated in numerous diseases with an immunological component
such as asthma [10], atherogenesis [11], diabetes [12,13], stroke
[14], Alzheimer's disease [15], Parkinson's disease [16], and cancer
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[17e19]. In cancer, many studies have shown that h-15-LOX-1 and
its metabolites have a versatile role in cancer incidence, progres-
sion, and invasion [20,21]. In this study, human hepatocarcinoma
cell line HCC-1.2 was used as an in vitro model to verify the role of
h-15-LOX inhibition in cancer [22].

The tremendously increasing interest in the functional behavior
of h-15-LOX-1 has triggered experimental efforts in the develop-
ment of potent and selective h-15-LOX-1 inhibitors [11,23]. Despite
significant investments, none of the known 15-LOX inhibitors has
reached clinical trials. Frequently, the h-15-LOX-1 inhibitors have
limited potency and/or unfavorable physical chemical properties
such as high logP values. Purine-based compound (6b) was the first
class of 15-LOX inhibitors discovered (IC50 ¼ 96 mM) in 2002 (Fig. 1)
[24]. Compound 6640337 has been identified by structure-based
virtual screening, however, its selectivity among lipoxygenase iso-
enzymes remains limited [25]. Other inhibitors were identified that
include indole or oxazole moieties. Researchers from Bristol-Myers
Squibb (BMS) identified another potent indole-based inhibitor 371
(IC50¼ 0.006 mM) [26]. Recently, compoundML351with an oxazole
scaffold was identified and demonstrated nanomolar potency
(IC50 ¼ 0.2 mM) against human 12/15-LOX [14]. Furthermore, our
group recently reported the discovery of inhibitors N247 and Thi-
oLox adding to the success of indole- and thiophene-based in-
hibitors for h-15-LOX-1 (IC50 ¼ 0.09 and 12.4 mM) [27,28]. However,
to explore the utility of this enzyme, further inhibitors with new
chemotypes and improved physical-chemical properties are
needed [29].

In this study, the 2-aminopyrrole scaffold was selected as a
starting point for identification of novel h-15-LOX-1 inhibitors
because of its similarity with the indole inhibitor N247. A
substitution-oriented screening (SOS) of about 200 2-aminopyrrole
inhibitors has been done (Fig. 2) in order to optimize binding to h-
15-LOX-1 [27,28]. Structure-activity relationships (SAR) and
enzyme kinetics were evaluated. The compound class investigated
here proved to be photoactivatable inhibitors of both, lipoxygenase
activity and viability of HCC-1.2 hepatocarcinoma cell. Presumably,
this photoactivation represents a non-specific inhibitory mecha-
nism suggesting that these compounds are pan assay interfering
compounds (PAINS) [30,31].
2. Results and discussion

2.1. Fragment screening and hit identification

The substitution-oriented screening (SOS) for 15-LOX-1
Fig. 1. Examples of previously r
inhibitors was done by using a library of 200 fragments containing
192 2-aminopyrroles and 8 2-aminoindoles with diverse substitu-
tion patterns (Fig. S1).

The screening for h-15-LOX-1 inhibitionwas done by using a UV
absorption assay for the h-15-LOX-1 product, 13(S)-HODE (lmax
234 nm) formed by enzymatic conversion from linoleic acid [27,32].
This assay was performed in a 96-well format, which is well suited
for medium-throughput screening, IC50 measurements and
enzyme kinetics studies. Using this assay, the SOS library was
screened, and three compounds that provided more than 80% in-
hibition of the enzyme's activity at 50 mM were identified. Com-
pounds with three distant structural scaffolds were identified
(Fig. 2). Comparison of the scaffolds showed that scaffold II and III
exhibit the best potency against h-15-LOX-1 of with 22.3 ± 4.6 mM
and 32.8 ± 5.1 mM, respectively. We decided to move on with
scaffold III due to better properties and the lack of the indole
moiety as present in the previously identified inhibitorN247 (Fig.1)
[27]. The relative potency of compound 1 (21B10) with scaffold III
was determined and provided an IC50 value of 12.8 ± 4.0 mM.

Diversely substituted pyrroles with various R1, R2 and R3 groups
were present in the SOS screening. To beginwith, comparison of 45
compounds in the library (Fig. S2) indicated that the 4-substitution
on region R3 did not greatly change the inhibitory potency, and
even led to potency loss in some compounds (Fig. S2. C15, B19, C25,
B31). Diverse halogenic and methoxyl substitution patterns
showed that this kind of substituent groups were less potent
relative to the inhibitory potency against h-15-LOX-1. This indi-
cated that an unsubstituted benzene ring is the most optimal
functionality identified in the R3 region. For R2, 2,4-dichlorophenyl
moiety provided the most potent inhibitors. For R1, the library
consisted of little variation that more information will be got from
further synthesis.
2.2. Structure-based design

To investigate the structure-activity relationship (SAR), we
synthesized a number of h-15-LOX-1 inhibitors as variants of in-
hibitor 1 (21B10), as shown in Tables 1 and 2 and Fig. 3 (1e30). The
synthesis of 2-aminopyrrole analogues proceeded by application of
a multicomponent reaction resulting 2-aminopyrroles (Scheme 1)
with various R1, R2 and R3 substituents. The crude product was
purified by column chromatography eluting with 20% ethyl acetate
in CH2Cl2 to reach a general yield from 22% to 40%.

Initially, region R2 and R3 were held constant while region R1

was explored for modification (Table 1). Replacement of the 3,4-
eported 15-LOX inhibitors.



Fig. 2. Workflow as applied in this study starting with a Substitution-oriented screening (SOS) of a 2-aminopyrrole library for 15-LOX-1 inhibitory potency to identify hit com-
pounds. Subsequent hit optimization by identification of structure-activity-relationships (SAR) and structure-based design.

Table 1
IC50 values against h-15-LOX-1 with different variations in R1 and R2 position based on compound 21B10 (Analogues 1e13).

Compound R1 IC50 (mM) Compound R2 IC50 (mM)

1(21B10) 3,4-dichlorophenyl 12.8 ± 3.3 10 naphthalen-1-yl 36.1 ± 2.3
2 4-chlorophenyl >100 11 naphthalen-2-yl >100
3 3-chlorophenyl 6.9 ± 1.7 12 hydrogen 11.8 ± 2.3
4 3-bromophenyl 6.3 ± 1.1 13 2,6-difluorophenyl >100
5 3-fluorophenyl >100
6 m-tolyl >100
7 phenyl >100
8 thiophen-2-yl >100
9 amine >100
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dichlorophenyl (1) with a 4-chlorophenyl (2) functionality pro-
vided an inactive compound, whereas replacement by 3-
chlorophenyl (3) or 3-bromophenyl (4) provided nearly twofold
improved potency for inhibition of h-15-LOX-1. Remarkably, the 3-
fluorophenyl (5) and 3-methylphenyl (6) derivatives lost their po-
tency against h-15-LOX-1, which suggest involvement in halogen
bonding. Several other modifications at this R1 region including
unsubstituted or other heterocyclic rings (7e9) resulted in a com-
plete loss of activity against h-15-LOX-1. Taken together these
results suggest that halogen- and hydrogen-bonding is important
for inhibition of h-15-LOX-1 by this type of compounds.

Having explored modifications to the 3-chlorobenzoyl moiety
on region R1, further structure-activity relationships around region
R2 were studied (Table 2, Fig. 3). In the pyrrole 4-position, the 2,4-
dichlorophenyl was replaced to 2-naphthyl (12) or 2,4-
dihydroxyphenyl (22) groups, which resulted in molecules with
comparable, albeit slightly higher, potencies than 1
(IC50 ¼ 11.8 ± 2.3 and 8.3 ± 1.1 mM, respectively). Replacements by



Table 2
IC50 values against h-15-LOX-1 with different variations in R2 position based on compound 21B10 (Analogues 14e27, 28, 29, 30).

Compound R2 IC50 (mM) Compound R2 IC50 (mM)

14 hydrogen 41.8 ± 8.5 21 2,4-difluorophenyl 44.1 ± 4.7
15 1,10-biphenyl >100 22 2,4-dihydroxyphenyl 8.3 ± 1.1
16 phenyl 67.9 ± 5.9 23 2,4-dimethylphenyl 39.0 ± 8.3
17 3,4-dichlorophenyl 35.7 ± 7.0 24 benzo[d] [1,3]dioxol-5-yl >100
18 4-chlorophenyl >100 25 pyridin-4-yl >100
19 2-chlorophenyl >100 26 pyridin-3-yl >100
20 3-chlorophenyl >100 27 2,4-dimethoxyphenyl 58.2 ± 6.8

Fig. 3. IC50 values against h-15-LOX-1 with smaller variations (28, 29) and variation in
R3 position (30) based on compound 21B10.

Scheme 1. Synthetic Route to Compounds 1e30. Reagents and conditions: aldehydes,
cyanoacetic acid derivatives, methylsulfonamidoacetophenone, K2CO3, EtOH, reflux,
12 h.

Table 3
Cytotoxicity study on selected compounds against
hepatocarcinoma HCC-1.2 cells: all compounds were
equal in their cytotoxicity for this particular type of
cancer cells despite their differences in potency for h-
15-LOX-1.

Compound LD50 (mM)

21B10 0.55 ± 0.15
2 1.05 ± 0.31
3 0.69 ± 0.14
4 1.64 ± 0.72
6 1.04 ± 0.32
12 2.64 ± 0.12
21 0.99 ± 0.60
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hydrogen (10, 14) resulted in reduced inhibitory potency against h-
15-LOX-1. Further chain-length extension, such as biphenyl group
(15) led to inactivity against h-15-LOX-1. Also, changing the
numbers and positions of substituent groups on the phenyl group
decreased the inhibitory potency (13, 16e21, 23, 27). Another
heterocyclic handle such as 3-pyridine (26) and 4-pyridine (25)
replacements for modulating their physical property showed a
complete loss of inhibitory potency against h-15-LOX-1.

Taken together, it can be concluded that 2,4-dichlorophenyl (3)
and 2,4-dihydroxyphenyl (22) groups in the R2 position appeared to
be optimal for h-15-LOX-1 inhibition by this type of compounds.
Other variations in size and electrostatics of the substituents in this
position decreased the inhibitory potency. Compound 28, 29
minimally substituted pyrrole core were inactive against h-15-LOX-
1 activity.
2.3. Cytotoxicity study on human hepatocarcinoma HCC-1.2 cell
line

After establishing the SAR profile against h-15-LOX-1, we turned
our attention to the cellular level and selected eight 2-
aminopyrroles for evaluation of cytotoxicity (Fig. S5). All selected
compounds exhibited similar LD50's indicating that the cytotoxic
potency is not directly linked to h-15-LOX-1 inhibition as shown in
Table 3.
2.4. Photoactivation study of selected compounds against h-15-
LOX-1 and HCC-1.2 cell line

Our findings on flat SAR for this compound class together with
observed cytotoxicity triggered our attention. The 2-aminopyrroles
applied here contain two ketone functionalities flanked by aro-
matic groups. This is similar to benzophenone that consists of a
ketone flanked by two aromatic groups. For benzophenones, it has
been described that photoactivation generates bi-radicals that are
highly reactive towards proteins and other biomolecules [33,34]. In
the compound class under investigation, there are two ketones
between aromatic functionalities that could potentially undergo
photoactivation according to a mechanism similar to
benzophenone.

We aimed to experimentally verify the hypothesis that the 2-
aminopyrroles under investigation are prone to photoactivation
in their effects on h-15-LOX-1 activity and HCC-1.2 cell viability. The
light- and time-dependence were investigated for selected 2-
22 2.75 ± 0.91
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aminopyrroles. Spectral analysis revealed that this type of 2-
aminopyrroles have a broad UV absorption band with a
maximum at 390 nm (Fig. S6). Since this molecule still considerably
absorbs at 365 nm, this wavelength was chosen for UV irradiation.
Because of the broad UV absorption band, we chose day light as
another condition. As a control we also included irradiation with
254 nm in our study.

The inhibition of h-15-LOX-1 by 2-aminopyrrole 1 and 3 proved
to be both light- and time-dependent (Fig. 4). Upon exposure to 365
nm UV light, the inhibition rate increased clearly over the time.
Ten-minute irradiation provided inhibition values clearly higher as
compared to pre-incubation in the darkness. Exposure of the
sample to day-light in the pre-incubation phase provides higher
inhibition values already at much shorter times (2 min). Further-
more, activity of h-15-LOX-1 after 2-min irradiation at 365 nmwas
much higher as compared to day light irradiation of the same
duration. This means that UV irradiation at 365 nm was less effi-
cient as compared to day light. However, the difference between UV
and day light almost disappeared after 10-min irradiation. The
potential explanation for the observed results was the broad UV
absorption band of 2-aminopyrroles and that 365 nm was not the
maximum absorbance of this molecule. Whereas the change of
enzyme activity in the dark showed little change, that was nearly
80% after 10-min incubation in the end. As a control we also
included irradiation with 254 nm UV light. Under these conditions
no photoactivation of inhibition was observed. This indicates that
the h-15-LOX-1 assay as applied here employing UV absorbance
detection at 254 nm does not interfere with photoactivation. Thus,
our findings showed that the inhibitory potency of compounds 1
and 3 against h-15-LOX-1 is time-dependent upon pre-incubation
under 365 nm UV light. Both UV-light and day-light exposure
Fig. 4. Enzyme photoactivation study on compound 1 and 3 with different incubation
time and environment. Data are presented as mean values ± SD of 3 independent
experiments.
during pre-incubation improves inhibition of h-15-LOX-1. These
findings are in line with a photoactivation mechanism for enzyme
inhibition of h-15-LOX-1 by this type of 2-aminopyrroles. Pre-
sumably, the photoactivation via the proposed mechanism for the
formation of bi-radicals is highly dependent on the electronic
properties of the substitution pattern of the respective inhibitor.
This could explain a major component of the observed structure
activity relationships in Tables 1 and 2 Nevertheless, the shape and
electronic properties of the inhibitors also play an important role in
binding to enzyme active site, which is an important contributor to
enzyme inhibition.

Further experiments were performed on cytotoxicity by
selected compounds, 3, 6 and 21, which were either potent, mod-
erate or non-active against h-15-LOX-1, respectively (Fig. 5). Light
has no impact on the activity of compound 21. In contrast, com-
pound 6 showed significant differences between incubation in the
dark and daylight between 0.4 and 10 mM. For compound 3 the
differences are less clear but they are significant between 1 and
10 mM. These findings confirmed photoactivation of this type of
compounds is also possible in cell-based studies.

2.5. Enzyme kinetics h-15-LOX-1 inhibition

Inhibitor 1 was subjected to enzyme kinetic analysis in order to
explore the inhibitory mechanism of h-15-LOX-1 inhibition. The
Michaelis-Menten and Lineweaver-Burk plot are shown in Fig. 6A
and B and the enzyme kinetic parameters derived from Fig. 6A are
shown in Table 4. Compound 1 causes a decrease both in Km value
and Vmax, which means that 2-aminopyrroles demonstrate
Fig. 5. Cytotoxicity photoactivation study on selected compounds (3, 6, 21) against
hepatocarcinoma HCC-1.2 cells with different irradiation conditions and inhibitor
concentrations. Data are presented as mean values ± SD of 3 independent experiments.
*p < 0.01; **p < 0.005.



Fig. 6. Steady-State kinetic characterization of human 15-lipoxygenase-1 (15-LOX-1) in the presence of different concentrations of compound 1: A) Michaelis-Menten represen-
tation and B) Lineweaver-Burk representation (n ¼ 3).

Table 4
Enzyme kinetic parameters for inhibition of h-15-LOX-1 by inhibitor 1.

Compound 1 (mM) Kapp
m (mM) Vapp

max (absorbance/h)

0 32.67 ± 12.23 106.10 ± 40.95
6 23.98 ± 11.57 68.18 ± 23.05
8 20.04 ± 8.98 47.21 ± 12.62

All the p-values were calculated in GraphPad Prism 5.0 after linear regression fit. The
p-values show that the slopes are significantly non-zero (p-value < 0.05).
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uncompetitive inhibition of h-15-LOX-1. Uncompetitive inhibition
indicates that this inhibitor binds to the enzyme-substrate complex
(ES) and not to the free enzyme (E). This observation together with
the observation that inhibitor 1 is prone to photoactivation pre-
sumably via the formation of bi-radicals (Fig. 7A) raises the hy-
pothesis that these bi-radicals interfere with the catalytic cycle of
linoleic acid conversion by h-15-LOX-1 (Fig. 7B). This type of un-
competitive inhibition has been observed previously for redox
Fig. 7. A) Proposed formation of bi-radicals in the ketone functionalities of inhibitor 1 upon
by LOX activity. Iron(III) causes single electron oxidation of arachidonic acid or lineoleic acid
O2, which generates a new radical. The radical allyleroxide oxidizes the iron(II) to iron(III)
active h-15-LOX-1 inhibitors. Possibly, the allyl-peroxide interme-
diate could react with inhibitor 1 in a photoactivation dependent
manner resulting in inhibition of the enzyme activity. Taken
together, this observed uncompetitive enzyme inhibition mecha-
nism does not contradict the idea of a photoactivation mechanism
in which formation of bi-radicals plays a role.

Actually, we noted that, 2-aminopyrroles become increasingly
prevalent in recent studies as a promising start for many known
targets and bioactivities [35e40]. This is particularly relevant
because 2-aminopyrrole inhibitors have been identified as hits for a
number of targets. Taken together, our observations in this study
demonstrate that careful analysis of the mechanism of inhibition of
this type of compounds is needed. Anticipation on a potential
PAINS character would be needed for this type of compounds.

In conclusion, the 2-aminopyrroles investigated here proved to
exhibit photoactivatable characteristics presumably originating
from the formation of bi-radicals as described for benzophenone.
Such a mechanism would imply non-selective binding of this
photoactivation. B) catalytic cycle for the conversion of arachidonic acid or linoleic acid
and converts into iron(II). This results in a carbon centered radical that combines with
for the next catalytic cycle.
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compound class in biological systems, which is in line with the
findings in this study. Recently, many compounds have been
described as having a PAINS character without a clear description of
the underlying mechanisms [30]. In this study we provide evidence
that photoactivation can play a role in the biological activity of
small molecules. This could potentially be a mechanism for PAINS
behavior and could also cause irreproducible results if the light
exposure is not taken into account. However, photoactivation of
compounds can be also potentially useful as in case of photody-
namic therapy [41]. Therefore, we argue for more attention to this
issue in enzyme inhibition studies and in other biological
investigations.

3. Conclusions

In this study, our initial effort was to discover a novel potent and
selective h-15-LOX-1 inhibitor by screening a library of 2-
aminopyrroles. Despite optimization, the potency of this type of
inhibitors remains limited to the micromolar range. Additionally,
we found that viability of HCC-1.2 cells was inhibited by this type of
compounds. Afterwards, the similarity to benzophenone triggered
us to investigate the photoactivation. Indeed, we found photo-
activation at the enzymatic and cellular level after the exposure to
UV-irradiation (365 nm) and visible light. This suggested that the 2-
aminopyroles might act as pan assay interfering substances, pre-
sumably acting via a radical mechanism.

In view of our findings, we argue for more vigilancewith respect
to potential photoactivation of small molecule inhibitors, in
particular if compounds contain a ketone group in between of two
aromatic functionalities. All in all, these photoactivation properties
should carefully be considered in the application of this type of 2-
aminopyrroles in medicinal chemistry projects.

4. Experimental section

4.1. Chemistry

4.1.1. General
All reagents, solvents and catalysts were purchased from com-

mercial sources (Acros Organics, Sigma-Aldrich and abcr GmbH,
Netherlands) and used without purification. All reactions were
performed in oven dried flasks open to the atmosphere, or under
nitrogen, and monitored by thin layer chromatography on TLC
precoated (250 mm) silica gel 60 F254 glassbacked plates (EMD
Chemicals Inc.). Visualization was achieved using UV light. Alter-
natively, non UV-active compounds were detected after staining
with potassium permanganate. Flash column chromatography was
performed on silica gel (32e63 mm, 60 Å pore size). 1H NMR
(500 MHz) and 13C NMR (126 MHz) spectra were recorded with a
Bruker Avance 4-channel NMR Spectrometer with TXI probe.
Chemical shifts (d) are reported in ppm relative to the Tetrame-
thylsilane (TMS) internal standard. Abbreviations are as follows: s
(singlet), d (doublet), t (triplet), q (quartet), m (multiplet). Fourier
Transform Mass Spectrometry (FTMS) and electrospray ionization
(ESI) were done on an Applied Biosystems/SCIEX API3000-triple
quadrupole mass spectrometer. All the compounds were analyzed
using a Waters Investigator Semiprep 15 SFC-MS instrument, con-
firming purity �95%.

4.1.2. General procedure for the synthesis of 2-aminopyrrole
analogues 2e30

The synthesis of 2-aminopyrrole analogues was based on a
multicomponent reaction by refluxing a solution of three reactants
including a methylsulfonamidoacetophenone, an aldehydes and a
cyanoacetic acid with 0.6 equiv of K2CO3 in ethanol. This reaction
results in three substituted 2-aminopyrroles [35]. Compounds
1e30 in Tables 1 and 2, and Fig. 3 were synthesized as shown in
Scheme 1.

4.1.2.1. (5-Amino-4-(3,4-dichlorobenzoyl)-3-(2,4-dichlorophenyl)-
1H-pyrrol-2-yl)(phenyl)methanone (21B10). 35% as yellow solid.
Melting point (M.p.) 248e249 �C; 1H NMR (500 MHz, DMSO-d6) d:
11.31 (s, 1H), 7.31e7.22 (d, J ¼ 8.0 Hz, 2H), 7.24e7.21 (t, J ¼ 7.5 Hz,
1H), 7.20e7.18 (d, J ¼ 7.5 Hz, 2H), 7.10e6.91 (m, 7H), 6.84e6.75 (dd,
J ¼ 8.5, 2.5 Hz, 2H). 13C NMR (126 MHz, DMSO-d6) d 189.19, 185.41,
151.71, 140.62, 138.92, 134.74, 134.17, 132.87, 132.74, 132.64, 130.79,
130.10, 129.85, 129.67, 128.24, 127.88, 127.86, 127.75, 127.63, 126.29,
122.57, 106.01. HRMS, calculated for C24H14Cl4N2O2 [MþH]þ:
504.9890, found 504.9855.

4.1.2.2. (5-Amino-4-(4-chlorobenzoyl)-3-(2,4-dichlorophenyl)-1H-
pyrrol-2-yl)(phenyl)methanone (2). 32% as yellow solid. M.p.
241e243 �C; 1H NMR (500 MHz, DMSO-d6) d: 11.28 (s, 1H),
7.22e7.16 (td, J ¼ 7.5, 1.5 Hz, 3H), 7.04e6.98 (m, 6H), 6.89 (d,
J ¼ 2.0 Hz, 1H), 6.82 (s, 2H), 6.79e6.77 (d, J ¼ 8.0 Hz, 1H), 6.74e6.72
(dd, J ¼ 6.0, 2.0 Hz, 1H). 13C NMR (126 MHz, DMSO-d6) d 190.93,
185.32, 151.49, 139.05, 135.07, 134.70, 134.32, 132.85, 132.80, 130.68,
129.54, 128.21, 127.81, 127.60, 127.19, 126.09, 122.31, 106.18, 79.65,
72.94. HRMS, calculated for C24H15Cl3N2O2 [MþH]þ: 469.0199,
found 469.0262.

4.1.2.3. (5-Amino-4-(3-chlorobenzoyl)-3-(2,4-dichlorophenyl)-1H-
pyrrol-2-yl)(phenyl)methanone (3). 31% as yellow solid. M.p.
225e227 �C; 1H NMR (500 MHz, DMSO-d6) d: 11.29 (s, 1H),
7.24e7.20 (td, J ¼ 7.5, 1.5 Hz, 1H), 7.17e7.17 (m, 3H), 7.08e7.02 (m,
4H), 6.93e6.92 (t, J ¼ 1.5 Hz, 1H), 6.89 (s, 2H), 6.88e6.87 (d, J ¼ 2.5,
1H) 6.84e6.82 (d, J¼ 8.3 Hz, 1H), 6.73e6.71 (dd, J¼ 6.5, 2.5 Hz, 1H).
13C NMR (126 MHz, DMSO-d6) d 190.31, 185.40, 151.68, 142.29,
138.96, 134.70, 134.19, 132.79, 132.70, 132.08, 130.71, 129.51,129.50,
128.24, 128.01, 127.87, 127.60, 126.32, 122.45, 106.05. HRMS, calcu-
lated for C24H15Cl3N2O2 [MþH]þ: 469.0199, found 469.0265.

4.1.2.4. (5-Amino-4-(3-bromobenzoyl)-3-(2,4-dichlorophenyl)-1H-
pyrrol-2-yl)(phenyl)methanone (4). 25% as yellow solid. M.p.
260e262 �C; 1H NMR (500 MHz, DMSO-d6) d: 11.29 (s, 1H),
7.33e7.30 (ddd, J ¼ 1.0, 1.0, 7.0 Hz, 1H), 7.24e7.20 (td, J ¼ 7.5, 1.5 Hz,
1H), 7.19e7.17 (m, 2H), 7.14e7.12 (td, J ¼ 7.5, 1.5 Hz, 1H), 7.05e6.99
(m, 4H), 6.89e6.88 (d, J ¼ 8.3 Hz, 1H), 6.87 (s, 2H), 6.83e6.81 (dd,
J ¼ 8.5, 2.0 Hz, 1H), 6.73e6.71 (dd, J ¼ 6.5, 2.0, Hz, 1H). 13C NMR
(126 MHz, DMSO-d6) d 190.21, 185.40, 151.69, 142.51, 138.69, 134.64,
134.16, 132.76, 132.68, 132.42, 130.71, 130.32, 129.79, 128.26, 127.98,
127.92, 127.59, 126.68, 126.28, 122.47, 120.59, 106.02. HRMS,
calculated for C24H15BrCl2N2O2 [MþH]þ: 512.9694, found 512.9625.

4.1.2.5. (5-Amino-3-(2,4-dichlorophenyl)-4-(3-fluorobenzoyl)-1H-
pyrrol-2-yl)(phenyl)methanone (5). 35% as yellow solid. M.p.
267e269 �C; 1H NMR (500 MHz, DMSO-d6) d: 11.29 (s, 1H),
7.25e7.20 (td, J ¼ 7.5, 1.5 Hz, 1H), 7.17e7.17 (m, 3H), 7.05e7.02 (m,
4H), 6.93e6.92 (t, J ¼ 1.5 Hz, 1H), 6.89 (s, 2H), 6.88e6.87 (d, J ¼ 2.5,
1H) 6.84e6.82 (dt, J¼ 8.5, 2.0 Hz,1H), 6.73e6.71 (dd, J¼ 6.5, 2.0 Hz,
1H). 13C NMR (126 MHz, DMSO-d6) d 190.50, 185.37, 162.06, 160.11,
151.61, 142.75, 142.66, 138.88, 134.89, 134.28, 132.87, 132.68,
130.673, 129.56 (d, J ¼ 9.2 Hz), 128.21, 128.09, 127.80, 127.592,
126.03, 123.85, 122.41, 116.55 (d, J¼ 20.1 Hz), 114.58 (d, J¼ 22.5 Hz),
106.08. HRMS, calculated for C24H15FCl2N2O2 [MþH]þ: 453.0495,
found 453.0461.

4.1.2.6. (5-Amino-3-(2,4-dichlorophenyl)-4-(3-methylbenzoyl)-1H-
pyrrol-2-yl)(phenyl)methanone (6). 40% as orange solid. M.p.
295e297 �C; 1H NMR (500 MHz, DMSO-d6) d: 11.24 (s, 1H),
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7.22e7.19 (td, J ¼ 7.5, 1.5 Hz, 1H), 7.18e7.16 (m, 2H), 7.04e7.01 (t,
J ¼ 7.5 Hz, 2H), 7.00e6.93 (m, 3H), 6.85 (d, J ¼ 2.0 Hz, 1H), 6.80 (d,
J ¼ 2.0 Hz, 2H), 6.78 (s, 1H), 6.70e6.68 (dd, J ¼ 6.5, 2.0 Hz, 1H), 1.97
(s, 3H). 13C NMR (126 MHz, DMSO-d6) d 192.40, 185.27, 151.41,
140.38, 139.06, 136.10, 134.70, 134.22, 133.11, 132.39, 130.60, 130.34,
128.60, 128.36, 128.29, 127.68, 127.60, 127.54, 125.94, 124.91, 122.13,
106.39, 20.81. HRMS, calculated for C25H17Cl2N2O2 [MþH]þ:
449.0745, found 449.0816.

4.1.2.7. (5-Amino-3-(2,4-dichlorophenyl)-1H-pyrrole-2,4-diyl)
bis(phenylmethanone) (7). 37% as yellow solid. M.p. 267e269 �C; 1H
NMR (500 MHz, DMSO-d6) d: 11.26 (s, 1H), 7.22e7.21 (t, J ¼ 7.5 Hz,
1H), 7.20e7.12 (m, 3H), 7.06e7.00 (m, 4H), 6.97e6.94 (m, J ¼ 7.6 Hz,
2H), 6.82e6.78 (m, 4H), 6.69e6.68 (dd, J¼ 8.0, 2.0 Hz, 1H). 13C NMR
(126 MHz, DMSO-d6) d 192.31, 185.28, 151.41, 140.43, 139.10, 135.00,
134.31, 132.98, 132.51, 130.58, 129.79, 128.38, 128.23, 127.79, 127.56,
127.20, 125.96, 122.18, 106.36, 99.98. HRMS, calculated for
C24H16Cl2N2O2 [MþH]þ: 435.0589, found 435.0570.

4.1.2.8. (5-Amino-3-(2,4-dichlorophenyl)-4-(thiophene-2-carbonyl)-
1H-pyrrol-2-yl)(phenyl)methanone (8). 45% as yellow solid. M.p.
244e246 �C; 1H NMR (500 MHz, DMSO-d6) d: 11.25 (s, 1H), 7.58 (d,
J ¼ 7.0 Hz, 1H), 7.24 (d, J ¼ 8.0 Hz, 1H), 7.19 (d, J ¼ 7.5 Hz, 1H),
7.08e7.04 (m, 3H), 6.95 (d, J ¼ 8.5 Hz, 1H), 6.83 (d, J ¼ 8.5 Hz, 1H),
6.69 (d, J ¼ 2.0 Hz, 1H), 6.61e6.56 (m, 1H), 6.54 (s, 2H). 13C NMR
(126 MHz, DMSO-d6) d 193.31, 185.24, 151.42, 141.43, 139.10, 135.31,
132.98, 133.51, 130.58, 129.74, 128.38, 128.23, 127.74, 127.52, 127.21,
123.18, 105.36, 99.92. HRMS, calculated for C22H14Cl2N2O2S
[MþH]þ: 441.0153, found 441.1923.

4.1.2.9. 2-Amino-5-benzoyl-4-(2,4-dichlorophenyl)-1H-pyrrole-3-
carboxamide (9). 35% as yellow solid. M.p. 210e212 �C; 1H NMR
(500 MHz, DMSO-d6) d: 11.05 (s, 1H), 7.30 (s, 1H), 7.24 (d, J ¼ 8.0 Hz,
1H), 7.26e7.21 (m, 2H), 7.18e7.16 (m, 2H), 7.13 (s, 2H), 7.12e7.02 (m,
3H), 6.35 (s, 2H). 13C NMR (126 MHz, DMSO-d6) d 183.98, 167.24,
149.74, 139.68, 134.97, 134.37, 133.89, 132.70, 130.01, 129.09, 127.69,
127.63, 127.35, 123.85, 121.33, 99.60. HRMS, calculated for
C18H13Cl2N3O2 [MþH]þ: 374.0385, found 374.0322.

4.1.2.10. (5-Amino-4-(3,4-dichlorobenzoyl)-1H-pyrrol-2-yl)(phenyl)
methanone (10). 15% as yellow solid. M.p. 223e225 �C; 1H NMR
(500 MHz, DMSO-d6) d: 10.84 (s, 1H), 7.91e7.85 (d, J ¼ 7.5 Hz, 1H),
7.83e7.74 (m, 2H), 7.66e7.63 (td, J ¼ 7.5, 1.5 Hz, 1H), 7.60e7.48 (m,
5H), 6.97 (d, J¼ 2.4 Hz, 1H), 6.68 (s, 2H). 13C NMR (126MHz, DMSO-
d6) d 187.83, 182.68, 152.68, 142.30, 138.69, 133.75, 131.93, 131.14,
130.85, 128.90, 128.69, 127.94, 126.98, 124.262, 122.08, HRMS,
calculated for C18H12Cl2N2O2 [MþH]þ: 359.0276, found 359.0223.

4.1.2.11. (5-Amino-4-(3,4-dichlorobenzoyl)-3-(naphthalen-1-yl)-1H-
pyrrol-2-yl)(phenyl)methanone (11). 23% as yellow solid. M.p.
297e299 �C; 1H NMR (500 MHz, DMSO-d6) d: 11.28 (s, 1H), 7.61 (d,
J ¼ 8.3 Hz, 1H), 7.53 (d, J ¼ 8.0 Hz, 1H), 7.39e7.35 (m, 1H), 7.32 (dt,
J¼ 8.0, 5.0 Hz, 2H), 7.00e6.97 (dd, J¼ 7.0, 2.0 Hz, 2H), 6.96e6.90 (m,
3H), 6.85e6.81 (m, 2H), 6.74 (d, J ¼ 2.0 Hz, 1H), 6.67 (d, J ¼ 8.0 Hz,
1H), 6.63e6.57 (m, 3H). 13C NMR (126 MHz, DMSO-d6) d 189.97,
185.73, 151.86, 140.38, 139.20, 132.64, 132.55, 131.97, 131.59, 130.86,
130.38, 130.03, 129.40,128.54,128.23,127.83,127.69,127.29,126.96,
126.55, 126.32, 125.71, 124.63, 123.16, 107.34. HRMS, calculated for
C28H18Cl2N2O2 [MþH]þ: 485.0745, found 485.0819.

4.1.2.12. (5-Amino-4-(3,4-dichlorobenzoyl)-3-(naphthalen-2-yl)-1H-
pyrrol-2-yl)(phenyl)methanone (12). 32% as yellow solid. M.p.
248e249 �C; 1H NMR (500 MHz, DMSO-d6) d: 11.19 (s, 1H), 7.58 (d,
J ¼ 8.0 Hz, 1H), 7.40 (d, J ¼ 8.5 Hz, 1H), 7.34e7.27 (m, 2H), 7.21e7.15
(m, 4H), 7.04 (d, J ¼ 2.0 Hz, 1H), 6.98 (dd, J ¼ 8.5, 2.0 Hz, 1H),
6.94e6.89 (m, 2H), 6.88 (d, J ¼ 1.5 Hz, 2H), 6.80 (t, J ¼ 7.5 Hz, 2H),
6.74 (dd, J¼ 8.5, 2.0 Hz,1H). 13C NMR (126MHz, DMSO-d6) d 189.65,
185.66, 151.70, 140.90, 139.15, 133.33, 132.18, 132.14, 131.51, 131.23,
130.88, 130.43, 130.17, 129.77, 129.45, 128.78, 128.58, 127.65, 127.65,
127.63, 127.45, 127.32, 126.24, 126.15, 125.81, 122.18, 106.77. HRMS,
calculated for C28H18Cl2N2O2 [MþH]þ: 485.0745, found 485.0816.

4.1.2.13. (5-Amino-4-(3,4-dichlorobenzoyl)-3-(2,6-difluorophenyl)-
1H-pyrrol-2-yl)(phenyl)methanone (13). 33% as yellow solid. M.p.
257e259 �C; 1H NMR (500 MHz, DMSO-d6) d: 11.42 (s, 1H),
7.31e7.29 (d, J ¼ 8.0 Hz, 1H), 7.23e7.21 (m, 3H), 7.15 (s, 1H),
7.10e7.05 (q, J ¼ 8.5 Hz, 3H), 6.94e6.91 (m, 1H), 6.88 (s, 2H), 6.43 (t,
J ¼ 8.0 Hz, 2H). 13C NMR (126 MHz, DMSO-d6) d 188.95, 185.48,
160.01 (d, J ¼ 6.5 Hz), 158.08 (d, J ¼ 6.8 Hz), 151.86, 140.44, 138.57,
132.84, 131.31 (m), 130.34, 130.11, 129.32, 127.96, 127.73, 127.28,
127.87, 117.56, 110.96 (d, J ¼ 3.3 Hz), 110.78 (d, J ¼ 2.9 Hz), 105.61.
HRMS, calculated for C24H14Cl2F2N2O2 [MþH]þ: 471.0400, found
471.0389.

4.1.2.14. (5-Amino-4-(3-chlorobenzoyl)-1H-pyrrol-2-yl)(phenyl)
methanone (14). 31% as yellow solid. M.p. 231e233 �C; 1H NMR
(500 MHz, DMSO-d6) d: 11.20 (s, 1H), 7.76e7.73 (m, 2H), 7.67e7.63
(m, 2H), 7.62e7.55 (m, 2H), 7.50 (dt, J¼ 8.5, 7.5 Hz, 3H), 6.93 (s, 2H),
6.70 (d, J ¼ 2.5 Hz, 1H). 13C NMR (126 MHz, DMSO-d6) d 187.83,
182.69,152.69,142.30,138.70, 133.76, 131.94,130.86,128.90,128.70,
127.90, 126.98, 124.26, 122.08, 105.98. HRMS, calculated for
C18H13Cl1N2O2 [MþH]þ: 325.066, found 325.069.

4.1.2.15. (4-([1,10-biphenyl]-4-yl)-2-amino-5-benzoyl-1H-pyrrol-3-
yl)(3-chlorophenyl)methanone (15). 32% as yellow solid. M.p.
211e213 �C; 1H NMR (500 MHz, DMSO-d6) d: 11.16 (s, 1H),
7.44e7.39 (m, 2H), 7.34e7.29 (m, 3H), 7.20e7.15 (m, 2H), 7.14e7.06
(m, 2H), 7.06e7.02 (m, 1H), 7.01e6.90 (m, 4H), 6.87 (s, 2H),
6.85e6.81 (d, J ¼ 8.5 Hz, 1H), 6.69e6.64 (d, J ¼ 8.5 Hz, 2H). 13C NMR
(126MHz, DMSO-d6) d 190.63, 185.56, 151.71, 142.49, 140.47, 139.23,
138.38, 133.30, 133.16, 132.19, 131.59, 130.25, 129.51, 129.33, 129.26,
128.66, 128.19, 127.59, 127.55, 126.82, 126.59, 125.25, 122.10, 106.53.
HRMS, calculated for C30H21Cl1N2O2 [MþH]þ: 477.1292, found
477.1361.

4.1.2.16. (5-Amino-4-(3-chlorobenzoyl)-3-phenyl-1H-pyrrol-2-
yl)(phenyl)methanone (16). 35% as yellow solid. M.p. 264e265 �C;
1H NMR (500 MHz, DMSO-d6) d: 11.12 (s, 1H), 7.15e7.07 (m, 4H),
7.02 (dt, J¼ 7.5, 2.0 Hz,1H), 6.96e6.92 (m, 4H), 6.81 (s, 2H), 6.72 (td,
J ¼ 6.5, 2.5 Hz, 1H), 6.64 (m, 4H). 13C NMR (126 MHz, DMSO-d6)
d 190.62, 185.62, 151.60, 142.45, 139.13, 133.93, 133.46, 132.20,
131.17, 130.44, 129.59, 129.40, 128.62, 128.12, 127.52, 126.89, 126.60,
126.57, 122.01, 106.46. HRMS, calculated for C30H21Cl1N2O2
[MþH]þ: 401.0979, found 401.1051.

4.1.2.17. (5-Amino-4-(3-chlorobenzoyl)-3-(3,4-dichlorophenyl)-1H-
pyrrol-2-yl)(phenyl)methanone (17). 32% as yellow solid. M.p.
253e255 �C; 1H NMR (500 MHz, DMSO-d6) d: 11.25 (s, 1H),
7.22e7.20 (td, J ¼ 7.5, 2.0 Hz, 1H), 7.19e7.15 (m, 3H), 7.07e7.01 (m,
4H), 6.94e6.92 (m, 1H), 6.89 (s, 2H), 6.84e6.80 (d, J ¼ 2.0, 2H), 6.57
(dd, J ¼ 8.5, 2.0 Hz, 1H). 13C NMR (126 MHz, DMSO-d6) d 190.29,
185.46, 151.61, 142.48, 139.16, 134.82, 133.04, 132.94, 132.49, 131.06,
130.60, 130.02, 129.63, 129.48, 129.41, 128.72, 128.50, 127.88, 127.69,
126.43, 122.36, 106.44. HRMS, calculated for C24H15Cl3N2O2
[MþH]þ: 469.0199, found 469.0274.

4.1.2.18. (5-Amino-4-(3-chlorobenzoyl)-3-(4-chlorophenyl)-1H-pyr-
rol-2-yl)(phenyl)methanone (18). 25% as yellow solid. M.p.
248e249 �C; 1H NMR (500 MHz, DMSO-d6) d: 11.18 (s, 1H),
7.22e7.19 (td, J ¼ 7.5, 2.0 Hz, 1H), 7.16e7.13 (m, 2H), 7.05e6.98 (m,
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4H), 6.91 (t, J ¼ 2.0 Hz, 1H), 6.85 (s, 2H), 6.63 (m, 4H). 13C NMR
(126MHz, DMSO-d6) d 190.41, 185.52, 151.63, 142.44, 139.12, 133.00,
132.70, 132.30, 132.06, 131.51, 130.51, 129.60, 129.51, 128.67, 128.12,
127.66, 126.76, 126.64, 122.16, 106.47. MS (ESI): HRMS, calculated
for C24H16Cl2N2O2 [MþH]þ: 435.0589, found 435.0661.

4.1.2.19. (5-Amino-4-(3-chlorobenzoyl)-3-(2-chlorophenyl)-1H-pyr-
rol-2-yl)(phenyl)methanone (19). 32% as yellow solid. M.p. 289-
285 �C; 1H NMR (500 MHz, DMSO-d6) d: 11.23 (s, 1H), 7.19e7.15 (m,
2H), 7.13 (dt, J ¼ 7.5, 2.0 Hz, 1H), 7.10 (ddd, J ¼ 8.0, 2.5, 1.0 Hz, 1H),
7.05 (dt, J ¼ 7.5, 1.5 Hz, 1H), 7.00e6.98 (m, 1H), 6.97e6.95 (m, 2H),
6.85 (s, 2H), 6.80 (dt, J ¼ 7.5, 1.0 Hz, 1H), 6.79e6.74 (m, 2H),
6.69e6.64 (m, 1H). 13C NMR (126 MHz, DMSO-d6) d 190.51, 185.51,
151.62, 142.29, 138.94, 133.61, 133.57, 133.33, 132.02, 130.65, 129.61,
129.72, 129.14, 128.90, 128.49, 128.25, 127.58, 127.47, 126.29, 126.05,
122.34, 106.08. HRMS, calculated for C24H16Cl2N2O2 [MþH]þ:
435.0589, found 435.0660.

4.1.2.20. (5-Amino-4-(3-chlorobenzoyl)-3-(3-chlorophenyl)-1H-pyr-
rol-2-yl)(phenyl)methanone (20). 36% as yellow solid. M.p.
258e260 �C; 1H NMR (500 MHz, DMSO-d6) d: 11.21 (s, 1H),
7.22e7.11 (m, 4H), 7.06e6.95 (m, 5H), 6.85 (s, 2H), 6.77 (dt, J ¼ 8.0,
1.5 Hz, 1H), 6.65 (d, J ¼ 2.0 Hz, 1H), 6.62 (t, J ¼ 7.5 Hz, 1H), 6.56 (dt,
J ¼ 7.5, 1.5 Hz, 1H). 13C NMR (126 MHz, DMSO-d6) d 190.43, 185.54,
151.57, 142.46, 139.39, 136.07, 132.45, 132.08, 131.77, 131.01, 130.65,
129.70, 129.66,129.48,128.49,128.46,127.88,127.61,126.45,126.39,
122.22, 106.39. HRMS, calculated for C24H16Cl2N2O2 [MþH]þ:
435.0589, found 435.0661.

4.1.2.21. (5-Amino-4-(3-chlorobenzoyl)-3-(2,4-difluorophenyl)-1H-
pyrrol-2-yl)(phenyl)methanone (21). 34% as yellow solid. M.p.
257e259 �C; 1H NMR (500 MHz, DMSO-d6) d: 11.29 (s, 1H),
7.25e7.15 (m, 4H), 7.07e7.03 (m, 4H), 6.97e6.95 (m, 1H), 6.85 (s,
2H), 6.77e6.72 (qd, J¼ 8.5, 6.5 Hz,1H), 6.46e6.44 (td, J¼ 8.5, 2.5 Hz,
1H), 6.38e6.36 (td, J ¼ 8.5, 2.5 Hz, 1H). 13C NMR (126 MHz, DMSO-
d6) d 190.27, 185.46, 160.98 (d, J ¼ 7.0 Hz), 160.96 (d, J ¼ 6.5 Hz),
157.96,157,95,151.69,142.22,138.90,134.12 (d, J¼ 7.5 Hz),134.04 (d,
J ¼ 7.5 Hz), 132.26, 130.76, 129.72, 129.62, 128.29, 127.68, 127.66,
126.30, 124.70, 122.62, 110.61 (d, J ¼ 2.6 Hz), 110.46 (d, J ¼ 2.7 Hz),
106.20, 103.30, 102.82 (t, J ¼ 25.6 Hz), 102.61, 99.98. HRMS, calcu-
lated for C24H15Cl1F2N2O2 [MþH]þ: 437.0790, found 437.0861.

4.1.2.22. (5-Amino-4-(3-chlorobenzoyl)-3-(2,4-dihydroxyphenyl)-
1H-pyrrol-2-yl)(phenyl)methanone (22). 22% as brown solid. M.p.
243e245 �C; 1H NMR (500 MHz, DMSO-d6) d: 10.89 (s, 1H), 8.75 (s,
1H), 8.72 (s, 1H), 7.22e7.19 (m, 2H), 7.18e7.12 (m, 2H), 7.05 (t,
J¼ 2.0 Hz, 1H), 7.03e7.01 (dt, J¼ 7.5, 2.0 Hz, 1H), 7.00e6.93 (m, 3H),
6.68 (s, 2H), 6.17 (d, J ¼ 8.0 Hz, 1H), 5.60 (d, J¼ 2.5 Hz, 1H), 5.53 (dd,
J ¼ 8.0, 2.5 Hz, 1H). 13C NMR (126 MHz, DMSO-d6) d 191.10, 185.55,
157.91, 155.55, 151.50, 142.45, 139.33, 132.70, 131.83, 130.63, 130.25,
129.32, 128.62, 128.55, 128.01, 127.16, 126.72, 121.83, 112.81, 106.42,
105.93, 101.67. HRMS, calculated for C24H17Cl1N2O4 [MþH]þ:
433.0877, found 433.0875.

4.1.2.23. (5-Amino-4-(3-chlorobenzoyl)-3-(2,4-dimethylphenyl)-1H-
pyrrol-2-yl)(phenyl)methanone (23). 45% as orange solid. M.p.
267e269 �C; 1H NMR (500 MHz, DMSO-d6) d: 11.05 (s, 1H),
7.16e7.07 (m, 4H), 7.04e6.92 (m, 4H), 6.86 (s, 2H), 6.81 (d,
J ¼ 2.0 Hz, 1H), 6.48e6.44 (m, 1H), 6.32 (d, J ¼ 6.5 Hz, 2H), 1.94 (s,
3H), 1.83 (s, 3H). 13C NMR (126 MHz, DMSO-d6) d 190.91, 185.52,
151.89, 142.39, 139.05, 136.07, 135.62, 132.33, 131.89, 131.75, 130.99,
130.28, 129.64, 129.20, 129.10, 128.22, 127.50, 127.31, 126.06, 125.43,
122.20, 106.58, 20.92, 20.37. HRMS, calculated for C26H21Cl1N2O2
[MþH]þ: 429.1295, found 429.1291.
4 .1.2 .24 . (5-Amino-3- (benzo[d ] [1,3 ]d ioxo l -5-yl ) -4- (3-
chlorobenzoyl)-1H-pyrrol-2-yl)(phenyl)methanone (24). 27% as yel-
low solid. M.p. 255e257 �C; 1H NMR (500 MHz, DMSO-d6) d: 11.07
(s, 1H), 7.22e7.16 (m, 4H), 7.06e7.00 (m, 4H), 6.95 (t, J¼ 2.0 Hz, 1H),
6.83 (s, 2H), 6.16e6.15 (t, J¼ 2.0 Hz, 1H), 6.13 (s, 1H), 6.06e6.05 (dd,
J ¼ 8.0, 2.0 Hz, 1H), 5.69 (s, 2H). 13C NMR (126 MHz, DMSO-d6)
d 190.62, 185.50, 151.59, 146.34, 146.01, 142.67, 139.40, 133.31,
132.25, 130.36, 129.45, 129.43,128.52,127.89,127.69,127.52,126.46,
125.16, 122.03, 111.55, 107.02, 106.55, 100.87. HRMS, calculated for
C25H17Cl1N2O2 [MþH]þ: 445.0877, found 445.0947.

4.1.2.25. (5-Amino-4-(3-chlorobenzoyl)-3-(pyridin-4-yl)-1H-pyrrol-
2-yl)(phenyl)methanone (25). 35% as yellow solid. M.p.
250e252 �C; 1H NMR (500 MHz, DMSO-d6) d: 11.30 (s, 1H),
7.79e7.75 (dd, J ¼ 2.5, 2.0, 2H), 7.23e7.13 (m, 4H), 7.06 (dt, J ¼ 7.5,
1.5 Hz, 1H), 7.03e6.97 (m, 4H), 6.85 (s, 2H), 6.65e6.59 (dd, J ¼ 2.5,
2.0, 2H). 13C NMR (126 MHz, DMSO-d6) d 190.22, 185.55, 151.58,
147.81, 142.39, 142.35, 139.01, 132.34, 130.96, 130.38, 129.92, 129.67,
128.64, 128.14, 127.76, 126.64, 126.08, 122.26, 106.16 HRMS, calcu-
lated for C23H16Cl1N3O2 [MþH]þ: 402.0931, found 402.1003.

4.1.2.26. (5-Amino-4-(3-chlorobenzoyl)-3-(pyridin-3-yl)-1H-pyrrol-
2-yl)(phenyl)methanone (26). 35% as yellow solid. M.p.
242e244 �C; 1H NMR (500 MHz, DMSO-d6) d: 11.27 (s, 1H),
7.89e7.88 (dd, J ¼ 5.0, 2.0 Hz, 1H), 7.79 (dd, J ¼ 2.0, 1.0 Hz, 1H), 7.16
(ddd, J ¼ 8.0, 2.0, 1.0 Hz, 3H), 7.14e7.11 (m, 1H), 7.05e6.94 (m, 6H),
6.86 (s, 2H), 6.63e6.62 (ddd, J ¼ 7.5, 5.0, 1.0 Hz, 1H). 13C NMR
(126 MHz, DMSO-d6) d 190.29, 185.46, 151.70, 150.90, 147.18, 142.35,
138.92, 137.46, 130.72, 130.22, 129.74, 129.65, 129.59, 128.71, 128.08,
127.78, 126.72, 122.67, 121.78, 106.63. HRMS, calculated for
C23H16Cl1N3O2 [MþH]þ: 402.0931, found 402.1001.

4.1.2.27. (5-Amino-4-(3-chlorobenzoyl)-3-(2,4-dimethoxyphenyl)-
1H-pyrrol-2-yl)(phenyl)methanone (27). 32% as yellow solid. M.p.
235e237 �C; 1H NMR (500 MHz, DMSO-d6) d: 11.00 (s, 1H),
7.15e7.10 (m, 4H), 7.03e6.93 (m, 4H), 6.89 (q, J¼ 1.0 Hz,1H), 6.76 (s,
2H), 6.42 (d, J ¼ 8.0 Hz, 1H), 5.87e5.85 (dd, J ¼ 6.0, 2.0 Hz, 1H),
5.73e5,72 (d, J ¼ 2.5 Hz, 1H), 3.51 (s, 3H), 3.36 (s, 3H). 13C NMR
(126MHz, DMSO-d6) d 190.78,185.56,160.36,157.09,151.65,142.38,
139.16, 132.68, 131.82, 130.31, 129.59, 129.35, 129.02, 128.19, 127.60,
127.19, 122.08, 115.98, 106.29, 104.44, 97.30, 55,56, 54.81. HRMS,
calculated for C26H21Cl1N2O2 [MþH]þ: 461.1190, found 461.1236.

4.1.2.28. Ethyl 1H-pyrrole-2-carboxylate (28). White solid. M.p.
130e132 �C; 1H NMR (500 MHz, DMSO-d6) d: 9.26 (s, 1H), 6.98 (td,
J¼ 2.5,1.5 Hz,1H), 6.95 (ddd, J¼ 4.0, 2.5,1.5 Hz,1H), 6.29 (dt, J¼ 4.0,
2.5 Hz, 1H), 4.35 (q, J ¼ 7.0 Hz, 2H), 1.39 (t, J ¼ 7.0 Hz, 3H). 13C NMR
(126 MHz, DMSO-d6) d 161.22, 123.01, 122.68, 115.08, 110.40, 60.32,
14.47. HRMS, calculated for C7H9N1O2 [MþH]þ: 140.0633, found
140.0599.

4.1.2.29. Ethyl 5-amino-1H-pyrrole-2-carboxylate (29). Purple oil.
1H NMR (500 MHz, DMSO-d6) d: 8.83 (s, 1H), 6.53 (t, J ¼ 2.5 Hz, 1H),
6.50 (d, J¼ 2.5 Hz,1H), 4.31 (q, J¼ 7.0 Hz, 2H),1.36 (t, J¼ 7.0 Hz, 3H).
13C NMR (126 MHz, DMSO-d6) d 160.78, 134.75, 110.39, 105.27,
59.51, 14.49. HRMS, calculated for C7H10N2O2 [MþH]þ: 155.0742,
found 155.0715.

4.1.2.30. (5-Amino-4-(3-chlorobenzoyl)-3-(2,4-dichlorophenyl)-1H-
pyrrol-2-yl)(4-chlorophenyl)methanone (30). 38% as yellow solid.
M.p. 273e275 �C; 1H NMR (500 MHz, DMSO-d6) d: 11.34 (s, 1H),
7.19e7.18 (dt, J ¼ 7.0, 2.0 Hz, 1H), 7.17e7.14 (m, 2H), 7.10e7.06 (m,
4H), 6.94 (d, J ¼ 2.0 Hz, 2H), 6.90 (s, 2H), 6.83 (d, J ¼ 8.0 Hz, 1H),
6.78e6.77 (dd, J ¼ 8.0, 2.0 Hz, 1H). 13C NMR (126 MHz, DMSO-d6)
d 190.32, 184.06, 165.92, 151.80, 142.24, 137.71, 135.54, 134.75,
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134.18, 132.96, 132.62, 132.12, 129.99, 129.58, 129.56, 128.50, 127.95,
127.94, 127.61, 127.52, 126.30, 122.37, 106.18, 40.49, 40.41, 40.32,
40.25, 40.16, 40.08, 39.99, 39.91, 39.82, 39.66, 39.49. HRMS, calcu-
lated for C24H14Cl2N2O2 [MþH]þ: 502.9809, found 502.9779.

4.1.3. Human 15-LOX-1 enzyme inhibition studies
The h-15-LOX-1 enzyme activity studies were done using pro-

cedures previously described by our group [27,42]. h-15-LOX-1 was
expressed and purified as described previously. h-15-LOX-1 activity
was determined by the conversion of linoleic acid to 13S-hydro-
peroxy-9Z, 11E-octadecadienoic acid (13(S)-HpODE) (lmax of
234 nm) in a 96-well plate. The conversion rate was followed by UV
absorbance at 234 nm over time. The conversion ratewas evaluated
at the linear part of the plot, before substrate depletion covers the
first 16 min of the reaction under the applied conditions. The op-
timum concentration of h-15-LOX-1 was determined by an enzyme
activity assay and proved to be a 100-fold dilution. The absorbance
increased at 234 nm over time for the conversion of linoleic acid in
the presence (positive control) of the enzyme, or remained con-
stant in the absence (blank control) of the enzyme.

The assay buffer consists of 25 mM HEPES titrated to pH 7.4
using a concentrated aqueous solution of 1 M NaOH. The substrate,
linoleic acid (LA) (Sigma-Aldrich, L1376), was dissolved in ethanol
to a concentration of 500 mM. The inhibitor stock solution (10 mM
in DMSO) was diluted with assay buffer to 71.4 mM prepared for the
SOS. 140 mL of this solutionweremixed with 50 mL of 1:100 enzyme
solution and incubated for 10 min at room temperature. After in-
cubation, 10 mL of 500 mM LA was added to the mixture, which
resulted in a mixture with 50 mM inhibitor, a final dilution of the
enzyme of 1:400 and 25 mM LA. The linear absorbance increased in
the absence of the inhibitor was set to 100%, whereas the absor-
bance increased in the absence of the enzyme was set to 0%. All
experiments were performed in triplicate, and the average tripli-
cate values and their standard deviations were plotted. The half-
maximal inhibition concentration (IC50) of the inhibitors for h-15-
LOX-1 were determined using the same assay. Briefly, the in-
hibitors were diluted with assay buffer. Using a serial dilution, the
desired concentrations of the inhibitor were obtained, ranging from
0.39 to 200 mM or 0.19e100 mM, depending on the inhibitory po-
tency and solubility of different inhibitors in water with 0%e5%
DMSO. Data analysis was performed using Microsoft Excel profes-
sional plus 2013 and GraphPad Prism 5.01.

4.1.4. Neutral red assay for quantitation of hepatocarcinoma HCC
cells

HCC-1.2 human hepatocarcinoma cells (Kind gift of Prof. Bettina
Grasl-Kraupp) were cultured in RPMI1640 medium containing 10%
heat inactivated foetal calf serum (FCS). The cells were kept under
standard tissue culture conditions at 37 �C, 5%CO2 and 95% hu-
midity and regularly checked for mycoplasma contaminations.
2 � 105 cells/well were seeded into 24 well plates and grown for
48 h. To quantify viable cells, neutral red (50 mg/mL) uptake from
serum-free medium during 2 h of incubation was measured in
triplicate wells in each experiment. The dye was taken up into the
lysosomes of viable cells and dissolved with 1% acetic acid in 70%
ethanol. The absorption difference between 560 nm and 620 nm
was measured using an Anthos Plate Reader. The results of three to
five independent experiments are summarized.

4.1.5. Photoactivation study
To perform light sensitivity screening against h-15-LOX-1 on UV

assay, all experiments have been performed in triplicate under the
day light irradiation, 365 nm UV irradiation and darkness with
same concertation of inhibitor depending on the inhibitory po-
tency. H-15-LOX-1was then incubatedwith inhibitor medium for 2,
5 and 10 min. Afterwards, enzyme activity was followed by
measuring UV absorbance of 13(S)-HpODE at 234 nm over 16 min
according to positive control without inhibitor. To verify light
sensitivity on cytotoxicity experiment, we have performed pilot
cytotoxicity experiments in HCC-1.2 cell line with selected h-15-
LOX-1 inhibitors under day light and, in turn, incubated cells
either upon irradiation with UV-light for 10 min or protected the
cells from light. All experiments were repeated at least twice.
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