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Abstract: The neglected tropical disease, schistosomiasis, is caused by trematode blood flukes of the
Schistosoma genus and infects approximately 200 million people worldwide. With just one partially
effective drug available for disease treatment, new drugs are urgently needed. Herein, a series of
47 phthalimide (Pht) analogues possessing high-value bioactive scaffolds (i.e., benzimidazole and
1,2,3,-triazoles) was synthesized by click-chemistry. Compounds were evaluated for anti-schistosomal
activity in culture against somules (post-infective larvae) and adults of Schistosoma mansoni, their
predicted ADME (absorption, distribution, metabolism, and excretion) properties, and toxicity vs.
HepG2 cells. The majority showed favorable parameters for surface area, lipophilicity, bioavailability
and Lipinski score. Thirteen compounds were active at 10 µM against both somules and adults (6d,
6f, 6i–6l, 6n–6p, 6s, 6r’, 6t’ and 6w). Against somules, the majority caused degeneracy and/or death
after 72 h; whereas against adult parasites, five compounds (6l, 6d, 6f, 6r’ and 6s) elicited degeneracy,
tegumental (surface) damage and/or death. Strongest potency against both developmental stages
was recorded for compounds possessing n-butyl or isobutyl as a linker, and a pentafluorophenyl
group on triazole. Apart from five compounds for which anti-parasite activity tracked with toxicity
to HepG2 cells, there was apparently no toxicity to HepG2 cells (EC50 values ≥50 µM). The data
overall suggest that phthaloyl-triazole compounds are favorable synthons for additional studies
as anti-schistosomals.
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1. Introduction

Schistosomiasis, also known as bilharzia, is a parasitic disease that infects approximately 200 million
people and is caused by trematode flatworms of the genus Schistosoma [1]. The hundreds of eggs
produced daily by mated pairs elicit a chronic and morbid immuno-inflammatory and fibrotic
pathogenesis that can result in pain, malaise and a decreased ability to work [2–7]. Among the six
principal species infecting humans, namely, S. mansoni, S. japonicum, S. haematobium, S. guineensis,
S. mekongi and S. intercalatum, the first three are the most important medically [5,7]. Active egg-laying
adults can live for years with the longest infections recorded at over 40 years [8–11]. There are two
main forms of schistosomiasis, urinary schistosomiasis [12–14] and intestinal schistosomiasis [15–18].
The former (caused by S. haematobium) mainly affects the bladder, kidneys and urogenital system,
whereas the latter (due to S. mansoni and S. japonicum) causes intestinal damage, and hypertension of
the abdominal blood vessels, spleen and liver [5,19].

The pyrazylisoquinoline, praziquantel (PZQ), is the only WHO-recommended drug for treatment
of schistosomiasis. It is administered orally as a single dose and is active against all schistosome
species [20,21]. However, PZQ rarely cures at the 40–60 mg/kg dose offered due to a number of
pharmaceutical and pharmacological limitations [21,22]. Also, as the only medication, the possible
selection for PZQ-resistant parasites is a concern and such have been generated in the laboratory [23,24].
Therefore, new effective and inexpensive treatments are needed.

The phthalimide (Pht) scaffold has attracted great interest as the basis for the synthesis of
various alkaloids and other biologically important pharmacophores [25–29]. Phts are lipophilic and
neutral molecules that can easily cross biological membranes, and possess anti-microbial [30] and
anti-inflammatory [31] activities. Likewise, N-containing heterocyclic moieties such as benzimidazole
and triazole, which are found in various natural and synthetic alkaloids, also possess diverse
therapeutic applications [32,33]. We have shown that Pht analogues embedded with benzimidazole
and flexible triazoles are potent agents against Plasmodium falciparum (Pf 3D7) and Pf W2 malaria strains
with 50% inhibitory concentration (IC50) values of ~0.7 µM [34]. Also, Pht analogues possessing
cyclic amines such as piperazine and piperidine displayed IC50 values of <1 µM against the Pf 7GB
malaria strain [35,36]. Encouraged by this, and with a view to discovering new anti-schistosomiasis
agents, we employed the Pht synthon to perform the synergistic fusion of highly-valued heterocyclic
scaffolds that included the benzimidazole and triazole moieties. Phthaloyl compounds 1(a–h)
were reacted with o-phenylenediamine in the presence of N,N-Diisopropylethylamine (DIPEA) and
2-(1H-Benzotriazole-1-yl)-1,1,3,3-tetramethylaminium tetrafluoroborate (TBTU) and then they were
propargylated. Alkyne compounds 5(a–h) were treated with different azides by Cu(I) mediated click
reaction to provide the desired compounds 6(a–u’), which were phenotypically screened against two
different stages of the S. mansoni parasite; post-infective larvae known as schistosomula (somules) and
adult parasites. Also, predicted ADME characteristics were calculated and counter-toxicity screens
utilizing HepG2 cells were performed.

2. Results and Discussion

2.1. Compound Design and Synthesis

We synthesized Pht-scaffold derivatives with known pharmacophore-like substituents viz.
benzimidazole and triazoles, using simple and cost-effective synthetic routes. The approach was
inspired by our recent results that describe a synergistic association of Pht, benzimidazole and triazoles
with antiplasmodial activity at submicromolar concentrations [34]. Although of proven value as starting
synthons for the construction of bioactive anti-malarial molecules, the potential of Pht analogues
against the schistosome parasite is unexplored. Accordingly, we continued to explore and fine-tune
the blending of valuable heterocycles, including the introduction of new structural diversity such as a
methyl substituent and fluorine on the Pht and on triazole scaffolds, respectively. The introduction of
trifluoromethyl on the triazole was anticipated to balance the lipophilicity and improve the metabolic
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stability in the host. In drug molecules, trifluoromethyl is a popular lipophilic group, as it improves
affinity with target enzymes and exerts significant changes on neighboring groups [37].

Here, we synthesized 47 Pht analogues 6(a–u’) in fair to good yields (41 to 82%). The synthetic
strategy involved methylated Pht, fluorinated triazoles and various amino acid linkers, as depicted
in Scheme 1. The scope and bioactivity of the substituents against the two developmental stages of
S. mansoni are presented in Table 1. The synthetic routes are simple and several variations on the
triazole scaffold were attempted by substituting triazoles with (i) highly electronegative substituents
like pentafluorophenyl, trifluoromethylphenyl and 2,4;2,6 difluoro phenyl, and (ii) electron-donating
groups such as methyl and methoxyphenyl to try to improve the activity profile and provide insight
regarding a structure activity relationship (SAR). Amino acids with aliphatic chains, i.e., alanine, valine,
leucine and isoleucine were selected as linkers. The composition of the newly prepared molecules was
confirmed by NMR (1H &13C), and high-resolution mass spectrometry (HR-MS). All the recorded data
were in good agreement with the proposed structures.

Scheme 1. Synthesis of Pht analogues 6(a–u’).

Table 1. Bioactivity and counter toxicity data for Pht analogues 6(a–u’).

Code R R1 R2
Somule Severity
Score (10 µM) a

Adult Severity Score
(10 µM)

HepG2
(EC50 µM)

24 h 48 h 72 h 1 h 5 h 24 h 72 h

6a CH3 CH2CH(CH3)2 0 0 0 2 4 4 >50

6b CH3 CH2CH(CH3)2 0 0 0 0 0 0 3.292

6c CH3 CH2CH(CH3)2 H 0 0 0 0 0 0 73.7

6d CH3 CH2CH(CH3)2 1 4 4 1 2 4 4.47
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Table 1. Cont.

Code R R1 R2
Somule Severity
Score (10 µM) a

Adult Severity Score
(10 µM)

HepG2
(EC50 µM)

24 h 48 h 72 h 1 h 5 h 24 h 72 h

6e CH3 CH2CH(CH3)2 0 0 0 0 0 0 >50

6f CH3 CH2CH(CH3)2 1 4 4 2 2 3 13.65

6g CH3 CH2CH(CH3)2 0 2 3 0 0 0 69.93

6h CH3 CH2CH(CH3)2 0 2 4 1 1 1 61.02

6i CH3 CH2CH(CH3)2 0 4 4 2 2 2 32.18

6j CH3 CH2CH(CH3)2 4 4 4 1 1 2 56.92

6k CH3 CH2CH(CH3)2 1 4 4 2 1 2 >100

6l H CH2CH(CH3)2 0 4 4 2 2 4 18.2

6m H CH2CH(CH3)2 0 0 0 0 0 0 >100

6n H CH2CH(CH3)2 0 2 4 2 2 2 100

6o H CH2CH(CH3)2 1 4 4 2 2 2 >100

6p H CH2CH(CH3)2 0 4 4 1 2 2 >100

6q CH3 CH(CH3)CH2CH3 1 0 0 0 0 0 >100

6r CH3 CH(CH3)CH2CH3 0 0 0 0 0 1 >100

6s CH3 CH(CH3)CH2CH3 0 0 4 1 2 4 49.43

6t H CH(CH3)CH2CH3 0 0 0 0 2 4 3.604
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Table 1. Cont.

Code R R1 R2
Somule Severity
Score (10 µM) a

Adult Severity Score
(10 µM)

HepG2
(EC50 µM)

24 h 48 h 72 h 1 h 5 h 24 h 72 h

6u H CH(CH3)CH2CH3 0 0 0 0 0 0 >100

6v H CH(CH3)CH2CH3 0 0 0 0 0 0 >100

6w H CH(CH3)CH2CH3 0 0 2 0 2 2 >100

6x H CH(CH3)CH2CH3 0 0 2 0 0 0 >100

6y H CH3 0 0 0 0 0 0 >100

6z H CH3 1 0 0 0 0 0 >100

6a’ H CH3 0 0 0 0 0 0 >50

6b’ H CH3 0 0 0 0 0 0 >100

6c’ H CH3 0 0 0 0 0 0 >50

6d’ H CH3 0 0 0 0 0 0 >100

6e’ H CH3 0 0 0 0 0 0 >100

6f’ H CH3 0 0 0 0 0 0 >100

6g’ H CH3 H 0 0 0 0 0 0 >100

6h’ CH3 CH3 0 0 0 0 0 0 >100

6i’ CH3 CH3 0 0 0 0 0 1 >50

6j’ CH3 CH3 0 0 0 0 0 0 >100

6k’ CH3 CH3 H 1 0 0 0 0 0 >100

6l’ CH3 CH3 0 0 0 0 0 0 >100

6m’ CH3 CH3 0 0 0 0 0 0 >100

6n’ CH3 CH3 0 0 0 0 0 0 >50
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Table 1. Cont.

Code R R1 R2
Somule Severity
Score (10 µM) a

Adult Severity Score
(10 µM)

HepG2
(EC50 µM)

24 h 48 h 72 h 1 h 5 h 24 h 72 h

6o’ CH3 CH3 0 0 0 0 0 0 >50

6p’ CH3 CH3 0 0 0 0 1 1 >100

6q’ CH3 CH3 0 0 0 0 0 0 >100

6r’ H CH(CH3)2 2 4 4 2 4 4 5.524

6s’ H CH(CH3)2 0 0 0 0 0 0 >100

6t’ H CH(CH3)2 0 2 2 0 2 2 84.48

6u’ H CH(CH3)2 0 2 2 0 0 0 >100

a Severity scores ranged from 0 (no effect) to a maximum of 4 and the descriptors underlying the scores presented
are listed in supplementary data. Scores were averaged across two experiments.

2.2. Predicted ADME Profile of Pht Analogues 6(a–u’)

SwissADME predictor was used to define molecular weight, H-bond donors, H-bond acceptors
and rotatable bonds, total polar surface area (TPSA), the octanol/water partition coefficients, XLogP3
and MLogP, and the ESOL-LogS (Estimating Aqueous Solubility Directly from Molecular Structure) [38].
All of the listed analogues were also screened for Lipinski rule of 5 compliance using SwissADME [39].
All have upto 10 H-bond acceptors, less than five H-bond donors and less than nine rotatable bonds
(Table S1). Compounds 6a–c, 6f–k, 6n–r, 6u, 6w–z, 6a’–n’, 6s’–u’ and 6o’–q’ have high predicted GI
absorptions over 6l, 6m, 6e, 6d, 6t, 6r’ and 6s. Compounds 6c, 6u, 6y, 6z, 6a’, 6c’–f’, 6g’–i’, 6k’–n’, 6s’
and 6o’–6q’ do not violate Lipinski rules, whereas 6a, 6b, 6d–t, 6v–x, 6j’, 6b’, 6r’, 6t’ and 6u’ display
one or two violations such as a higher molecular weight (>500 g/mol) and/or MLogP (>4.15). All the
analogues have lipophilicity (measured via XlogP3) values within the acceptance range of −0.7 to
+6.0 [38]. Also, they display theoretically high intestinal absorption except 6e, 6d, 6l, 6m, 6t, 6r’ and
6s. None of the analogues displayed good predicted blood brain barrier permeability due to their
respective TPSA scores being >85 [38]. The ESOL-LogS values for 6c, 6u, 6y, 6z, 6h’, 6l’–q’, 6a’, 6f’ and
6s’ were in the range of-5.85 to −4.63, which indicates moderate solubility in water, whereas 6a, 6b,
6d–p, 6r–t, 6v–x, 6j’, 6r’, 6t’ and 6u’ exhibited poor solubility parameters. Compounds 6c, 6h, 6n, 6u,
6v, 6y, 6z, 6a’, 6c’–q’, and 6s’ showed better bioavailability with a score of 0.55 compared to others
with a score of 0.17. Only 6g’ and 6k’ presented good solubility parameters with the corresponding
logS values of −3.5 and −3.8, respectively. Both showed a bioavailability score of 0.55.
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2.3. Bioactivities and Structure-Activity Relationship (SAR)

Functionalized Pht-based molecules were synthesized, and phenotypically screened at 10 µM as a
function of time against S. Mansoni somules (up to 72 h) and adults (up to 24 h). The resulting phenotypes
were classified using a previously described nomenclature that records the many non-exclusive changes
(descriptors) that can occur in the parasite in response to chemical insult. Each descriptor is converted
into a value from 0 (no effect) to 4 (maximal effect) to allow for comparisons of effects on the parasite
between compounds [40–43]. For consistency, we consider a score of 2 to be the minimum for a
compound to be considered active.

Among the 47 compounds tested, 13 were active (i.e., scores of 2 or more) against both somules
and adults, namely, 6d, 6f, 6i–6l, 6n–6p, 6s, 6r’, 6t’ and 6w. These included compounds with fluorine
substituted on the phenyl ring of the triazole with either one, two (6n, 6o, 6p) or five fluorine atoms
(6d, 6l, 6s, 6r’). Activity against somules for the majority of these compounds culminated in severe
degeneracy or death of at least 50% of the parasites (severity scores of 4) over the 72 h incubation period.
For the adult parasite, eight of these compounds (6i–6k, 6n–6p, 6t’ and 6w) induced uncoordinated
movements and an inability to adhere to the floor of the well via its oral and/or ventral suckers (severity
scores of 2) by the last time point, 24 h. The other five compounds (6l, 6d, 6f, 6r’ and 6s) elicited
more severe responses such as degeneracy, tegumental (surface) damage and/or death (scores ≥3).
Interestingly, those analogues with a pentafluorophenyl group on the triazole (e.g., 6d, 6l, 6f and
6s) with a larger linker group such as n-butyl or isobutyl at R1 were the most potent, probably due
to the high electronegativity and/or increased lipophilicity of the fluorine group. Furthermore, the
4-methyl-substituted (6d) and unsubstituted Pht analogues (6t), which possess a pentafluorophenyl
ring on the triazole moiety and a n-butyl group at R1, were potently active against adult parasites.
4-methyl-substituted Pht analogues with an unsubstituted benzyl ring on the triazole also exhibited
activity against somules (score of 4) and adults (score of 3) but only with n-butyl as a linker (e.g., 6f)
and not methyl (e.g., 6m’).

A smaller number of compounds had stage-specific activities. Thus, for somules at 72 h, 6g, 6h, 6x
and 6u’ generated darkened parasites and/or death of at least 50% of the parasites (scores ≥2). Against
adult parasites, compounds possessing a fluoro-substituted phenyl ring on the triazole moiety and
a n-butyl or isobutyl linker (6a and 6t) were potently active (generating a score of 4). In the case of
the 4-methyl substituted Pht analogues, a para-fluoro phenyl ring was crucial for the potent activity
observed (compare 6a vs. 6g), however fluorine present at the ortho position (6i) resulted in decreased
activity against adults (as core that decreased from 4 to 2).

The screening data indicate the various contributions of R, R1and R2 to anti-schistosomal activity.
As exemplified by the compounds 6d and 6l, which possess a n-butyl linker and a pentafluorophenyl
group on the triazole, varying the R group on the Pht does not seem to alter activity as both compounds
were strongly damaging to both stages of the parasite (scores of 4). Interestingly, with the exception
of 6r’, which possesses an isopropyl group, bulky substituents at R1 such as isobutyl or sec-butyl (6a,
6d, 6f, 6h–l, 6n–p, 6s and 6t), were principally responsible for the anti-parasite activity recorded and
those with relatively smaller groups such as a methyl or isopropyl at R1 were less active (6t’ and 6u’)
or completely inactive (6b’–h’ and 6j’–n’).

For all of the tested compounds, the best activity against both developmental stages were recorded
with compounds possessing a n-butyl linker and a fluorine being substituted on the phenyl ring with
either one, two or five fluorine atoms (i.e., 6d, 6l and 6f) with the exception of 6r’ that possesses an
isopropyl group as a linker.

For five of the 19 compounds, 6l, 6d, 6t, 6f (with a n-butyl or isobutyl linker) and 6r’, that were
potently active (severity scores ≥3) against somules and/or adults, the counter-toxicity profile with
HepG2 cells tracked to some degree with antischistosomal activity: three compounds (6d, 6t and 6r’)
possessed EC50 values <10 µM. This might suggest that a shared mechanism of action is being engaged
and serves as a caution at this early stage in the SAR exploration. However, it is relevant to note, in the
case of the adults at least, that the anti-parasite bioactivity recorded for these particular compounds



Pharmaceuticals 2020, 13, 25 8 of 20

was already pronounced (severity scores ≥2) at the 5 h time point whereas the HepG2 assay employed
a 72 h time point. Thus, the possibility of a yet exploitable selectivity exists. Otherwise, for other 14 of
the 19 compounds with anti-parasite activity, there was apparently no toxicity to HepG2 cells with
EC50 values ≥50 µM (EC50 for 6i = 32 µM). This included 6a, which registered early and strong activity
against adults specifically (severity score of 4 after 5 h).

3. Conclusions

Our report employs an economic synthetic route involving the Pht core and cost-effective starting
materials and/or intermediates in various organic synthesis reactions [44]. These attributes are
important in the context of the highly constrained economics associated with developing drugs
for neglected diseases like schistosomiasis [45]. We synthesised via click chemistry a series of Pht
compounds containing a unique combination of two different pharmacophores viz. benzimidazole
and triazoles scaffolds. The compounds presented solid predicted ADME characteristics, and elicited
varied and often severe phenotypic changes in one or both developmental stages of S. mansoni tested.
In particular, 6d, 6f, 6l and 6r’ were potent against both schistosomula and adults. Uniquely, 6a, which
possesses a n-butyl linker, was severely damaging to the adult worm (severity score of 4) but inactive
against the HepG2 cell lines (EC50 > 50 µM). Together, the combination of the fluorinated aryl-triazole
and long chain linker was noted to offer the high potency against S. mansoni. Future research will
include additional medicinal chemistry as well as in vitro and in vivo ADME profiling, and efficacy
testing in an animal model of S. mansoni infection.

4. Experimental

Chemistry. The chemicals were purchased from the commercial sources and used without
any purification for the experiments. Purity of all the products was initially assayed by thin-layer
chromatography (TLC) on alumina-coated plates (Merck). Samples in chloroform (CHCl3) were loaded
on TLC plates and developed in Ethyl acetate/Petroleum ether (1:1, v/v). When slight impurities were
detected by iodine vapour or Ultra Violet light visualization, the compounds were further purified
by column chromatography on silica gel columns (100–200 mesh size, CDH). Melting points were
determined on Melting point machine M-560 (Buchi). Nuclear Magnetic Resonance (NMR; 1H and
13C) spectra were recorded in CDCl3, DMSO-d6 medium on a JEOL ECX-400P NMR at 400 MHz and
100 MHz, respectively at University Scientific Instrumentation Center (USIC) and Department of
Chemistry, University of Delhi, using TMS as an internal standard. Chemical shifts in ppm (δ-scale)
and coupling constants (J) in Hz. Splitting patterns are described as singlet (s), doublet (d), doublet of
doublet (dd), triplet (t), quartet (q) and multiplet (m). The high-resolution mass spectral (HRMS) data
was obtained using a Agilent Technology-6530, Accurate mass, Q-TOF LCMS spectrometer at USIC,
University of Delhi. Compounds 1(a–h) were prepared following literature procedures [46].

4.1. General Procedure for the Synthesis of Compounds 3(a–h)

In the first step, compounds 1a–h (38 mmol) were dissolved in 250 mL of N,N-dimethylformamide
(DMF), and DIPEA (45 mmol) was added drop-wise at 0–5 ◦C. After 10 min, the essential amount
of TBTU (45 mmol) was added slowly and the reaction contents were stirred for 30 min at the same
temperature. Thereafter, o-phenylenediamine (2) (38 mmol) was added to the reaction flask and the
contents were stirred at 0–5 ◦C for 6 h. The progress of the reaction was monitored by thin layer
chromatography. After completion of the reaction, the reaction mixture was quenched with ice-cold
water, and the precipitate obtained was filtered off, washed with excess of cold water, and dissolved in
appropriate amount (~300 mL) of ethyl acetate. The organic phase was washed with 1 N HCl followed
by saturated solution of NaHCO3 and lastly with water. The organic layer was dried over Na2SO4,
filtered and concentrated under reduced pressure that afforded the crude product, which was dissolved
in 150 mL of glacial acetic acid and the resulting suspension was refluxed for 6 h. After completion
of the reaction, the contents were cooled to room temperature, concentrated under reduced pressure
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and diluted with ice-cold water. After filtration, the obtained solid was washed with ice cold water
followed by saturated NaHCO3 solution to obtain the desired products. The products were purified by
silica gel column chromatography eluting with 20% mixture of ethyl acetate in hexane, and the final
compounds 3(a–h) were isolated.

4.2. General Procedure for Synthesis of Compounds 5(a–h)

In a round bottom flask, respective compounds 3(a–h) (15 mmol), Cs2CO3 (45 mmol) were
dissolved in appropriate amount of DMF (50 mL) and the contents were heated at 100 ◦C for 20 min.
Subsequently, propargyl bromide (4) (22 mmol) was added to the reaction mixture drop wise. This
resulted in turbidity in the reaction mixture, which was stirred at 100 ◦C for next 8 h. After completion
of the reaction, the reaction mixture was cooled to attain room temperature and concentrated under
reduced pressure to afford residue. Thereafter, ice-cold water was added to the residue and the
resulting precipitate was filtered and dried. The obtained solid was purified by silica gel column
chromatography eluting with 10% mixture of ethyl acetate in hexane afforded the desired compounds
5(a–h).

4.3. General Synthetic Procedure for Final Compounds 6(a–u’)

The synthetic route to prepare new analogues 6(a–u’) is depicted in Scheme 1. In an RB flask,
compounds 5(a–h) (1.34 mmol) and azides (2.02 mmol) were dissolved in THF:H2O (3:1). The required
amount of CuSO4

.5H2O (0.27 mmol) and sodium ascorbate (0.54 mmol) were added and heated at
70 ◦C for 18 h. The progress of the reaction was monitored by TLC. After completion, the reaction
mixture was concentrated under reduced pressure to give a residue that was quenched with ammonia
solution and the precipitate was filtered off. Thus, obtained solid was purified by silica gel column
chromatography eluting with appropriate mixture (~25%) of ethyl acetate in petroleum ether to afford
the titled compounds 6(a–u’). All the novel compounds were identified by careful analysis of their
analytical and spectral data, which have been provided in supporting information.

4.3.1. Spectroscopic Data

2-(1-(1-((1-(4-Fluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)-3-methylbut
yl)-5-methylisoindoline-1,3-dione (6a): White solid; m.p. 208–210 ◦C; Yield: 59%. HRMS m/z calcd.
(M + H)+ 523.2180, found 523.2278. 1H NMR (400 MHz, CDCl3): δ 7.92 (d, J = 8.6 Hz, 1H), 7.48 (d, J =

7.6 Hz, 1H), 7.34–7.26 (m, 7H), 7.12–7.08 (m, 3H), 5.79 (dd, J = 10.9, 4.2 Hz, 1H), 5.51 (s, 2H), 2.87–2.80
(m, 1H), 2.39–2.32 (m, 1H), 2.29 (s, 3H), 1.60 (s, 1H), 1.05 (d, J = 6.4 Hz, 3H), 0.99 (d, J = 6.6 Hz, 3H). 13C
NMR (100 MHz, CDCl3): δ 167.65, 167.54, 162.30 (d, J = 249.5 Hz), 151.25, 144.88 (d, J = 119.8 Hz),
142.28, 135.43, 134.64, 132.63, 131.25, 128.33, 123.67 (d, J = 6.4 Hz), 122.75, 121.82 (d, J = 8.4 Hz), 119.87
(d, J = 167.9 Hz), 116.53 (d, J = 23.3 Hz), 109.19, 45.19, 39.83, 38.80, 24.84, 23.44, 21.90, 21.72.

5-Methyl-2-(3-methyl-1-(1-((1-(p-tolyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)but
yl)isoindoline-1,3-dione (6b): White solid; m.p. 160–162 ◦C; Yield: 78% yield. HRMS m/z calcd. (M +

H)+ 519.6089, found 519.2533. 1H NMR (400 MHz, CDCl3): δ 7.92 (d, J = 8.1 Hz, 1H), 7.47 (d, J =

7.5 Hz, 1H), 7.35–7.23 (m, 6H), 7.18 (s, 4H), 7.09 (s, 1H), 5.78 (dd, J = 10.8, 4.1 Hz, 1H), 5.49 (s, 2H),
2.86–2.79 (m, 1H), 2.39 (m, 1H), 2.36 (s, 3H), 2.24 (s, 3H), 1.59 (d, J = 6.1 Hz, 1H), 1.05 (d, J = 6.4 Hz, 3H),
0.98 (d, J = 6.6 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 167.56, 151.21, 145.33, 143.83, 142.21, 138.84,
135.52, 134.63, 133.95, 130.01, 128.18, 123.61, 123.19, 122.68, 120.59, 119.75, 118.75, 109.13, 45.05, 39.94,
38.80, 24.83, 23.47, 21.75, 21.12.

2-(1-(1-((1H-1,2,3-Triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)-3-methylbutyl)-5-methylisoind
oline-1,3-dione (6c): Light yellow solid; m.p. 150–152 ◦C; Yield: 58%. HRMS m/z calcd. (M + H)+

429.4864, found 429.2034. 1H NMR (400 MHz, CDCl3): δ 7.88 (dd, J = 6.3, 1.8 Hz, 1H), 7.57 (d, J = 7.6
Hz, 1H), 7.50 (s, 1H), 7.35 (d, J = 7.6 Hz, 1H), 7.36–7.24 (m, 5H), 5.79 (dd, J = 10.6, 4.7 Hz, 1H), 5.49 (s,
2H), 2.94–2.77 (m, 1H), 2.39 (s, 3H), 2.32–2.24 (m, 1H), 1.58 (s, 1H), 1.00 (d, J = 6.5 Hz, 3H), 0.93 (d, J =
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6.7 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 167.85, 167.77, 151.23, 145.55, 141.87, 135.18, 134.77, 131.61,
128.66, 123.97, 123.58, 123.36, 122.77, 120.40, 109.69, 44.91, 39.40, 38.80, 24.87, 23.16, 21.89, 21.66.

5-Methyl-2-(3-methyl-1-(1-((1-(perfluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazo
l-2-yl)butyl)isoindoline-1,3-dione (6d): Light brown solid; m.p. 128–130 ◦C; Yield: 69%. HRMS m/z
calcd. (M + H)+ 595.5346, found 595.1882. 1H NMR (400 MHz, CDCl3): δ 7.86 (d, J = 7.2 Hz, 1H), 7.61
(d, J = 7.5 Hz, 1H), 7.53 (s, 1H), 7.44 (d, J = 7.4 Hz, 1H), 7.38 (s, 1H), 7.30–7.25 (m, 4H), 5.79 (dd, J = 10.3,
4.2 Hz, 1H), 5.56 (d, J = 6.3 Hz, 2H), 2.91–2.80 (m, 1H), 2.47 (d, J = 17.6 Hz, 3H), 2.34–2.24 (m, 1H), 1.58
(brs, 1H), 1.01 (d, J = 6.3 Hz, 3H), 0.96 (d, J = 6.1 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 167.90, 167.80,
151.16, 144.73 (d, J = 210.4 Hz), 142.31, 135.10, 134.85, 131.70, 128.72, 124.10 (d, J = 26.3 Hz), 123.47 (d, J
= 20.0 Hz), 121.65 (d, J = 211.1 Hz), 109.41, 45.23, 39.19, 38.86, 24.94, 23.23, 21.97, 21.68.

5-Methyl-2-(3-methyl-1-(1-((1-(4-(trifluoromethyl)phenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo
[d]imidazol-2-yl)butyl)isoindoline-1,3-dione (6e): White solid; m.p. 218–220 ◦C. Yield: 71%. HRMS
m/z calcd. (M + H)+ 573.5803, found 573.2225. 1H NMR (400 MHz, CDCl3): δ 7.90 (d, J = 8.1 Hz, 1H),
7.66 (d, J = 8.4 Hz, 2H), 7.46 (dd, J = 17.9, 8.0 Hz, 3H), 7.27–7.21 (m, 7H), 5.77 (dd, J = 10.9, 4.1 Hz, 1H),
5.50 (s, 2H), 2.88–2.77 (m, 1H), 2.38–2.29 (m, 1H), 2.20 (s, 3H), 1.57 (brs, 1H), 1.03 (d, J = 6.6 Hz, 3H),
0.97 (d, J = 6.4 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 167.62, 167.48, 151.26, 145.50, 144.76, 142.35,
138.67, 135.43, 134.62, 131.23, 130.88, 130.55, 128.28, 126.91, 126.88, 124.83, 123.69, 123.65, 123.28, 122.80,
122.12, 120.80, 119.81, 118.82, 109.10, 45.21, 39.81, 38.81, 24.84, 23.44, 21.79, 21.71.

2-(1-(1-((1-Benzyl-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)-3-methylbutyl)-5-meth
ylisoindoline-1,3-dione (6f): Yellow solid; m.p. 142–144 ◦C; Yield: 41%. HRMS m/z calcd. (M + H)+

519.6089, found 519.2505. 1H NMR (400 MHz, CDCl3): δ 7.85 (d, J = 7.7 Hz, 1H), 7.57 (d, J = 7.6 Hz,
1H), 7.52 (s, 1H), 7.45 (d, J = 7.6 Hz, 1H), 7.30–7.28 (m, 4H), 7.27–7.21 (m, 4H), 7.09–7.06 (m, 1H), 7.00 (s,
2H), 5.76 (dd, J = 10.7, 4.5 Hz, 1H), 5.51 (d, J = 8.4 Hz, 1H), 5.44 (s, 1H), 5.28–5.09 (m, 2H), 2.87–2.80 (m,
1H), 2.47 (s, 3H), 2.26–2.21 (m, 1H), 1.82 (brs, 1H), 0.95 (dd, J = 16.5, 6.6 Hz, 6H). 13C NMR (100 MHz,
CDCl3): δ 167.83, 167.73, 151.19, 145.51, 142.30, 135.25, 134.79, 134.18, 131.79, 129.13, 128.83, 127.95,
123.94, 123.40, 123.30, 122.53, 121.39, 120.57, 109.59, 54.04, 45.21, 39.61, 38.90, 24.93, 23.32, 22.15, 21.71.

5-Methyl-2-(3-methyl-1-(1-((1-phenyl-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)but
yl)isoindoline-1,3-dione (6g): Yellow solid; m.p. 67–69 ◦C; Yield: 57%. HRMS m/z calcd. (M + H)+

505.5823, found 505.2346. 1H NMR (400 MHz, CDCl3): δ 7.93 (d, J = 7.6 Hz, 1H), 7.47 (d, J = 7.4 Hz,
1H), 7.43–7.37 (m, 3H), 7.35–7.25 (m, 8H), 7.12 (s, 1H), 5.79 (dd, J = 10.9, 4.2 Hz, 1H), 5.51 (s, 2H),
2.89–2.78 (m, 1H), 2.41–2.31 (m, 1H), 2.22 (s, 3H), 1.68 (brs, 1H), 1.05 (d, J = 6.4 Hz, 3H), 0.99 (d, J = 6.5
Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 167.68, 167.56, 156.41, 151.27, 145.56, 144.03, 142.01, 136.25,
135.38, 134.68, 131.13, 129.63, 129.60, 128.83, 128.21, 123.81, 123.76, 123.35, 122.94, 120.61, 120.21, 119.84,
118.82, 115.60, 109.25, 45.13, 39.98, 38.78, 24.82, 23.39, 21.87, 21.73.

2-(1-(1-((1-(4-Methoxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)-3-methylb
utyl)-5-methylisoindoline-1,3-dione (6h): Yellow solid; m.p. 101–103 ◦C; Yield: 82%. HRMS m/z
calcd. (M + H)+ 535.6083, found 535.2448. 1H NMR (400 MHz, CDCl3): δ 7.92 (d, J = 7.9 Hz, 1H), 7.48
(d, J = 7.5 Hz, 1H), 7.31–7.21 (m, 8H), 7.05 (s, 1H), 6.88 (d, J = 9.0 Hz, 1H), 5.79 (dd, J = 10.9, 4.1 Hz, 1H),
5.49 (s, 2H), 3.82 (s, 3H), 2.88–2.78 (m, 1H), 2.40–2.31 (m, 1H), 2.27 (s, 3H), 1.60 (brs, 1H), 1.05 (d, J = 6.4
Hz, 3H), 0.98 (d, J = 6.6 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 167.68, 167.57, 159.87, 151.30, 145.45,
143.91, 142.45, 135.49, 134.64, 131.22, 129.81, 128.31, 123.75, 123.63, 123.32, 122.72, 121.47, 120.72, 118.89,
114.52, 109.22, 55.71, 45.16, 39.98, 38.79, 24.83, 23.49, 21.95, 21.73.

2-(1-(1-((1-(2-Fluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)-3-methylbut
yl)-5-methylisoindoline-1,3-dione (6i): Yellow solid; m.p. 138–140 ◦C; Yield: 67%. HRMS m/z calcd.
(M + H)+ 523.5728, found 523.2246. 1H NMR (400 MHz, CDCl3): δ 7.88 (d, J = 8.3 Hz, 1H), 7.56–7.52
(m, 2H), 7.44–7.42 (m, 2H), 7.35–7.19 (m, 8H), 5.81 (dd, J = 10.8, 4.4 Hz, 1H), 5.52 (s, 2H), 2.91–2.78 (m,
1H), 2.33 (s, 3H), 1.64–1.53 (m, 1H), 1.23 (s, 1H), 1.03 (d, J = 6.4 Hz, 3H), 0.97 (d, J = 6.7 Hz, 3H). 13C
NMR (100 MHz, CDCl3): δ 167.64 (d, J = 6.9 Hz), 151.67, 151.23, 145.43, 143.62, 142.32, 135.40, 134.64,
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131.59, 130.30 (d, J = 7.7 Hz), 128.66, 125.04, 124.66, 124.40, 123.85, 123.47 (d, J = 17.8 Hz), 122.66, 122.37,
120.69, 117.04 (d, J = 20.1 Hz), 109.38, 45.17, 39.62, 38.81, 24.91, 23.39, 21.96, 21.74.

2-(1-(1-((1-(2,4-Difluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)-3-methyl
butyl)-5-methylisoindoline-1,3-dione (6j): Yellow solid; m.p. 72–74 ◦C; Yield: 50%. 1H NMR (400
MHz, CDCl3): δ 7.89 (s, 1H), 7.56–7.37 (m, 4H), 7.38 (d, J = 7.5 Hz, 2H), 7.26 (d, J = 11.9 Hz, 2H), 6.96 (d,
J = 7.8 Hz, 2H), 5.84 (d, J = 4.8 Hz, 1H), 5.56 (s, 2H), 2.91 (brs, 1H), 2.37 (s, 3H), 1.85 (brs, 1H), 1.58 (s,
1H), 0.99 (dd, J = 22.8, 6.1 Hz, 6H). 13C NMR (100 MHz, CDCl3): δ 167.63, 162.44 (d, J = 264.6 Hz),
152.22, 151.22, 145.47, 143.01 (d, J = 142.5 Hz), 135.28, 134.68, 131.65, 128.72, 125.80 (d, J = 9.6 Hz),
123.91, 123.61, 123.41, 122.73, 122.39, 121.44, 120.74, 112.48 (d, J = 20.4 Hz), 109.40, 105.65, 105.40, 105.15,
45.17, 39.54, 38.85, 24.94, 23.37, 22.03, 21.74.

2-(1-(1-((1-(2,6-Difluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)-3-methyl
butyl)-5-methylisoindoline-1,3-dione (6k): White solid; m.p. 71–73 ◦C; Yield: 43%. HRMS m/z calcd.
(M + H)+ 541.5632, found 541.2173. 1H NMR (400 MHz, CDCl3): δ 7.86 (d, J = 4.6 Hz, 1H), 7.60 (d, J=
7.4 Hz, 1H), 7.51 (s, 1H), 7.41 (d, J = 7.5 Hz, 2H), 7.37–7.31 (m, 2H), 7.25 (d, J = 3.9 Hz, 3H), 7.01 (t, J =

8.6 Hz, 2H), 5.82 (dd, J = 10.5, 4.6 Hz, 1H), 5.56 (s, 2H), 2.94–2.80 (m, 1H), 2.41 (s, 3H), 2.35–2.26 (m,
1H), 1.63–1.52 (m, 1H), 0.98 (dd, J = 22.6, 6.5 Hz, 6H). 13C NMR (100 MHz, CDCl3): δ 167.84, 156.51 (d,
J = 257.0 Hz), 151.25, 145.67, 142.96, 142.20, 134.87, 131.59 (d, J = 14.6 Hz), 128.72, 124.21, 124.07, 123.69,
123.47, 122.79, 120.64, 112.49 (d, J = 19.5 Hz), 109.60, 45.12, 39.48, 38.91, 24.97, 23.27, 22.08, 21.74.

2-(3-Methyl-1-(1-((1-(perfluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)but
yl)isoindoline-1,3-dione (6l): Light brown solid; m.p. 100–102 ◦C; Yield: 65%. HRMS m/z calcd. (M +

H)+ 581.5081, found 581.1750. 1H NMR (400 MHz, CDCl3): δ 7.92–7.85 (m, 1H), 7.78–7.74 (m, 2H),
7.70–7.76 (m, 2H), 7.43 (s, 1H), 7.35–7.31 (m, 1H), 7.25–7.29 (m, 2H), 5.84 (dd, J = 10.6, 4.7 Hz, 1H),
5.65–5.53 (m, 2H), 2.93–2.81 (m, 1H), 2.39–2.25 (m, 1H), 1.61 (s, 1H), 1.03 (d, J = 6.6 Hz, 3H), 0.98 (d, J =

6.5 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 167.76, 151.03, 143.68, 142.37, 135.10, 134.32, 131.39, 124.19,
123.66, 123.50, 122.79, 120.77, 109.34, 45.33, 39.22, 38.90, 24.96, 23.24, 21.71.

2-(3-Methyl-1-(1-((1-(4-(trifluoromethyl)phenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazo
l-2-yl)butyl)isoindoline-1,3-dione (6m): White solid; m.p. 216–218 ◦C; Yield: 62%. HRMS m/z calcd.
(M + H)+ 559.5537, found 559.2070. 1H NMR (400 MHz, CDCl3): δ 7.91 (d, J = 8.5 Hz, 1H), 7.66 (d, J =

8.4 Hz, 2H), 7.58–7.54 (m, J = 5.3, 2.9 Hz, 2H), 7.48 (d, J = 7.3 Hz, 3H), 7.32–7.22 (m, 5H), 5.80 (dd, J =

10.7, 4.4 Hz, 1H), 5.51 (s, 2H), 2.89–2.77 (m, 1H), 2.39–2.29 (m, 1H), 1.60 (s, 1H), 1.04 (d, J = 6.4 Hz, 3H),
0.98 (d, J = 6.5 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 167.52, 151.13, 144.66, 142.38, 138.68, 135.38,
134.10, 130.99, 130.66, 126.97, 126.93, 124.83, 123.71, 123.26, 122.82, 122.12, 120.82, 120.02, 119.05, 109.14,
45.37, 39.74, 38.88, 24.88, 23.42, 21.70.

2-(1-(1-((1-(2-Fluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)-3-methylbu
tyl)isoindoline-1,3-dione (6n): Yellow solid; m.p. 107–109 ◦C; Yield: 78%. HRMS m/z calcd. (M + H)+

509.5462, found 509.2106. 1H NMR (400 MHz, CDCl3): δ 7.85 (d, J = 8.0 Hz, 1H), 7.65 (dd, J = 5.1, 3.0
Hz, 2H), 7.60–7.46 (m, 4H), 7.38–7.10 (m, 7H), 5.84 (dd, J = 10.7, 4.4 Hz, 1H), 5.51 (s, 2H), 2.94–2.82 (m,
1H), 2.41–2.27 (m, 1H), 1.65–1.60 (brs, 1H), 1.03 (d, J = 6.5 Hz, 3H), 0.96 (d, J = 6.6 Hz, 3H). 13C NMR
(100 MHz, CDCl3): δ 167.80, 152.94 (d, J = 251.5 Hz), 143.46, 142.29, 135.33, 134.12, 131.25, 130.40 (d, J =

7.7 Hz), 125.12 (d, J = 3.0 Hz), 124.67, 124.50, 123.55, 123.38, 122.65, 122.47 (d, J = 8.4 Hz), 120.64, 117.01
(d, J = 19.8 Hz), 109.43, 45.21, 39.50, 38.81, 24.90, 23.39, 21.73.

2-(1-(1-((1-(2,4-Difluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)-3-methyl
butyl)isoindoline-1,3-dione (6o): Yellow solid; m.p. 126–128 ◦C; Yield: 68%. HRMS m/z calcd. (M +

H)+ 527.5367, found 527.2007. 1H NMR (400 MHz, CDCl3): δ 7.89 (d, J = 7.0 Hz, 1H), 7.71–7.67 (m, 2H),
7.65–7.58 (m, 2H), 7.55–7.44 (m, 2H), 7.34 (d, J = 7.1 Hz, 1H), 7.30–7.27 (m, 3H), 6.98–6.93 (m, 2H), 5.85
(dd, J = 10.4, 4.0 Hz, 1H), 5.55 (s, 2H), 2.95–2.83 (m, 1H), 2.40–2.27 (m, 1H), 1.69 (brs, 2H), 1.05 (d, J =

6.3 Hz, 3H), 0.99 (d, J = 6.5 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 167.59, 151.09, 142.96 (d, J = 132.2
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Hz), 135.24, 134.13, 131.34, 125.90 (d, J = 9.9 Hz), 123.62, 123.43, 122.74, 122.44 (d, J = 7.4 Hz), 120.73,
112.53 (d, J = 19.2 Hz), 109.39, 105.65, 105.41, 105.39, 105.15, 45.25, 39.48, 38.86, 24.94, 23.35, 21.73.

2-(1-(1-((1-(2,6-Difluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)-3-methy
lbutyl)isoindoline-1,3-dione (6p): Yellow solid; m.p. 198–200 ◦C; Yield: 65%. HRMS m/z calcd. (M +

H)+ 527.5367, found 527.2014. 1H NMR (400 MHz, CDCl3): δ 7.83 (d, J = 4.4 Hz, 1H), 7.71 (s, 2H), 7.61
(s, 2H), 7.41–7.28 (m, 3H), 7.23 (d, J = 2.9 Hz, 2H), 6.98 (t, J = 8.2 Hz, 2H), 5.83 (dd, J = 9.8, 3.8 Hz, 1H),
5.54 (s, 2H), 2.93–2.77 (m, 1H), 2.34–2.23 (m, 1H), 1.58 (brs, 1H), 1.00 (d, J = 6.0 Hz, 3H), 0.95 (d, J = 6.2
Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 167.79, 156.50 (d, J = 256.9 Hz), 151.13, 142.67 (d, J = 59.1 Hz),
135.24, 134.26, 131.65, 131.55, 131.45, 131.37, 124.24, 123.54, 123.48, 122.63, 120.66, 114.72, 112.51 (d, J =

22.8 Hz), 109.51, 45.30, 39.39, 38.89, 24.96, 23.30, 21.73.

2-(1-(1-((1-(2-Fluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)-2-methylbut
yl)-5-methylisoindoline-1,3-dione (6q): Light green solid; m.p. 114–116 ◦C; Yield: 60%. HRMS m/z
calcd. (M + H)+ 523.5725, found 523.2258. 1H NMR (400 MHz, CDCl3): δ 7.86 (s, 1H), 7.66 (t, J = 29.0
Hz, 3H), 7.50 (s, 2H), 7.38 (s, 2H), 7.23 (d, J = 13.0 Hz, 4H), 5.76 (s, 1H), 5.57 (s, 1H), 5.44 (s, 1H), 3.57
(brs, 1H), 2.37 (s, 3H), 1.52 (brs, 1H), 1.11 (s, 1H), 0.94 (d, J = 22.6 Hz, 6H). 13C NMR (100 MHz, CDCl3):
δ 167.78, 154.39, 145.70, 134.90, 131.66, 130.51, 128.67, 125.29, 124.57, 124.11, 123.86, 123.58, 122.91,
120.51, 117.20, 117.01, 27.01, 25.50, 22.08, 16.92, 15.54, 11.24, 10.58.

2-(1-(1-((1-(2,4-Difluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)-2-methyl
butyl)-5-methylisoindoline-1,3-dione (6r): Yellow solid; m.p. 89–91 ◦C; Yield: 50%. HRMS m/z calcd.
(M + H)+ 541.5632, found 541.2164. 1H NMR (400 MHz, CDCl3): δ 7.84 (d, J = 4.8 Hz, 1H), 7.58–7.56
(m, 3H), 7.47 (s, 1H), 7.37 (d, J = 6.5 Hz, 2H), 7.25–7.18 (m, 2H), 6.93 (d, J = 7.6 Hz, 2H), 5.73–5.50 (m,
2H), 5.38 (d, J = 10.8 Hz, 1H), 3.41 (brs, 1H), 2.37 (s, 3H), 1.53 (d, J = 42.3 Hz, 1H), 1.15–1.10 (m, 1H),
1.00–0.85 (m, 6H). 13C NMR (100 MHz, CDCl3): δ 167.79, 150.43 (d, J = 16.4 Hz), 145.52, 143.83, 143.78,
142.53, 134.73, 130.18 (d, J = 297.2 Hz), 126.01, 125.91, 123.96, 123.43, 122.62, 120.68, 112.54 (d, J = 24.4
Hz), 109.77, 105.61, 105.36, 105.10, 51.81, 51.51, 39.19, 34.45, 33.94, 27.10, 25.45, 22.00, 17.02, 15.41, 11.13,
10.66.

5-Methyl-2-(2-methyl-1-(1-((1-(perfluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imida
zol-2-yl)butyl)isoindoline-1,3-dione (6s): White solid; m.p. 196–198 ◦C; Yield: 64%. 1H NMR (400
MHz, CDCl3): δ 7.86–7.83 (m, 1H), 7.63 (d, J = 7.7 Hz, 1H), 7.55–7.52 (m, 2H), 7.45 (d, J = 7.6 Hz, 1H),
7.38 (dd, J = 6.1, 3.0 Hz, 1H), 7.24 (dd, J = 6.0, 3.2 Hz, 3H), 5.82–5.68 (m, 1H), 5.60 (dd, J = 16.8, 7.9 Hz,
1H), 5.35 (d, J = 11.0 Hz, 1H), 3.52–3.30 (m, 1H), 2.44 (s, 3H), 1.54–1.47 (m, 1H), 0.96–0.81 (m, 7H).13C
NMR (100 MHz, CDCl3): δ 167.98, 167.90, 150.58, 150.38, 145.77, 143.99, 143.92, 142.57, 135.16, 134.87,
134.70, 134.57, 131.72, 128.73, 124.39, 124.09, 123.56, 123.49, 122.76, 120.78, 109.72, 77.48, 77.16, 76.84,
51.88, 51.66, 38.98, 34.42, 33.92, 27.02, 25.49, 22.03, 16.87, 15.45, 11.04, 10.59.

2-(2-Methyl-1-(1-((1-(perfluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)bu
tyl)isoindoline-1,3-dione (6t): Yellow solid; m.p. 86–88 ◦C; Yield: 77%. HRMS m/z calcd. (M + H)+

581.5081, found 581.1716. 1H NMR (400 MHz, CDCl3): δ 7.82 (s, 2H), 7.74 (s, 2H), 7.65 (s, 2H), 7.56 (s,
1H), 7.37 (s, 1H), 7.23 (s, 2H), 5.71 (dd, J = 45.9, 26.5 Hz, 2H), 5.38 (s, 1H), 3.44 (s, 1H), 1.50 (s, 1H), 1.22
(s, 1H), 0.93 (d, J = 16.9 Hz, 6H). 13C NMR (100 MHz, CDCl3): δ 167.85, 150.52, 150.31, 143.89, 142.55,
141.05, 134.61, 134.32, 131.37, 124.48, 123.77, 123.56, 122.76, 120.77, 109.70, 51.94, 51.75, 38.94, 34.44,
33.92, 26.99, 25.50, 16.83, 15.48, 11.04, 10.57.

2-(2-Methyl-1-(1-((1-(pyridin-4-yl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)butyl)
isoindoline-1,3-dione (6u): White solid; m.p. 101–103 ◦C; Yield: 42%. HRMS m/z calcd. (M + H)+

492.5438, found 492.2151. 1H NMR (400 MHz, CDCl3): δ 8.63 (brs, 1H), 7.80 (s, 1H), 7.71 (d, J = 6.1 Hz,
1H), 7.60 (s, 2H), 7.49 (s, 3H), 7.32 (d, J = 5.9 Hz, 2H), 7.31 (s, 2H), 5.67–5.48 (m, 2H), 5.38 (dd, J = 10.1,
4.1 Hz, 1H), 3.36 (s, 1H), 1.57 (d, J = 80.9 Hz, 1H), 1.26–1.11 (m, 1H), 1.05 (d, J = 6.0 Hz, 1H), 0.94–0.87
(m, 6H). 13C NMR (100 MHz, CDCl3): δ 167.60, 167.55, 150.31, 150.17, 144.61, 142.48, 141.17, 134.93,



Pharmaceuticals 2020, 13, 25 13 of 20

134.78, 134.22, 131.08, 127.54, 123.54, 123.41, 122.74, 120.73, 119.58, 109.61, 51.91, 51.47, 39.39, 34.51,
34.03, 27.16, 25.42, 17.17, 15.41, 11.19, 10.73.

2-(1-(1-((1-(2-Fluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)-2-methylbut
yl)isoindoline-1,3-dione (6v): Yellow solid; m.p. 85–87 ◦C; Yield: 79%. HRMS m/z calcd. (M + H)+

509.5462, found 509.2094. 1H NMR (400 MHz, CDCl3): δ 7.88–7.86 (m, 1H), 7.73 (d, J = 3.1 Hz, 2H),
7.61 (s, 4H), 7.39–7.36 (m, 2H), 7.25–7.15 (m, 4H), 5.75–5.52 (m, 2H), 5.42 (d, J = 10.7 Hz, 1H), 3.45 (brs,
1H), 1.56 (d, J = 42.6 Hz, 1H), 1.17 (s, 1H), 1.02–0.91 (m, 6H). 13C NMR (100 MHz, CDCl3): δ 167.70,
153.08 (d, J = 253.3 Hz), 150.36 (d, J = 16.5 Hz), 143.63, 142.56, 134.88, 134.75, 134.63, 134.16, 131.33,
130.42 (d, J = 7.8 Hz), 125.20 (d, J = 3.4 Hz), 124.84, 124.67, 123.79, 123.51, 123.46, 122.84, 122.65, 120.73,
117.02 (d, J = 19.9 Hz), 109.80, 51.92, 51.63, 39.26, 34.45, 33.95, 27.11, 25.48, 17.03, 15.46, 11.14, 10.68.

2-(1-(1-((1-(2,4-Difluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)-2-methyl
butyl)isoindoline-1,3-dione (6w): Yellow solid; m.p. 86–88 ◦C; Yield: 75%. HRMS m/z calcd. (M +

H)+ 527.5367, found 527.1997. 1H NMR (400 MHz, CDCl3): δ 7.88 (s, 1H), 7.74 (s, 2H), 7.64 (s, 4H), 7.41
(s, 1H), 7.25 (s, 2H), 7.02–6.91 (q, 2H), 5.82–5.51 (m, 2H), 5.44 (d, J = 10.4 Hz, 1H), 3.44 (brs, 1H), 1.55
(brs, 1H), 1.24–1.06 (m, 1H), 1.04–0.87 (m, 6H). 13C NMR (100 MHz, CDCl3): δ 167.72, 162.53 (d, J =

264.4 Hz), 153.60 (d, J = 266.1 Hz), 150.51, 142.41, 134.66, 134.26, 131.35, 126.08 (d, J = 9.4 Hz), 123.58,
122.88, 120.68, 112.64 (d, J = 22.6 Hz), 109.94, 105.66, 105.41, 105.16, 53.59, 51.80, 51.59, 39.25, 34.59,
34.02, 27.05, 25.51, 16.95, 15.51, 11.15, 10.58.

2-(1-(1-((1-(2,6-Difluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)-2-methy
lbutyl)isoindoline-1,3-dione (6x): White solid; m.p. 59–61 ◦C; Yield: 43%. HRMS m/z calcd. (M + H)+

527.5367, found 527.2021. 1H NMR (400 MHz, CDCl3): δ 7.87 (s, 1H), 7.78 (s, 2H), 7.66 (s, 2H), 7.44 (d, J
= 19.2 Hz, 2H), 7.25 (d, J = 6.1 Hz, 3H), 7.04 (dd, J = 13.9, 7.5 Hz, 2H), 5.83–5.73 (m, 1H), 5.62–5.58 (m,
1H), 5.41 (dd, J = 10.2, 5.1 Hz, 1H), 3.50–3.41 (m, 1H), 2.15 (brs, 1H), 1.51 (s, 1H), 0.98–0.89 (m, 6H). 13C
NMR (100 MHz, CDCl3): δ 167.84, 157.98, 155.44, 150.42, 143.31, 142.61, 134.19, 131.45, 123.58, 120.82,
120.74, 112.62, 112.42, 109.97, 109.66, 52.03, 51.84, 39.20, 34.46, 33.91, 16.79, 15.46, 11.01, 10.61.

2-(1-(1-((1-(4-Fluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)ethyl)isoindo
line-1,3-dione (6y): White solid; m.p. 241–243 ◦C; Yield: 74%. HRMS m/z calcd. (M + H)+ 467.4665,
found 467.1627. 1H NMR (400 MHz, CDCl3): δ 7.91 (d, J = 8.0 Hz, 1H), 7.61–7.49 (m, 4H), 7.39–7.25 (m,
5H), 7.19 (s, 1H), 7.10 (t, J = 8.3 Hz, 2H), 5.88 (q, J = 6.8 Hz, 1H), 5.47 (s, 2H), 2.09 (d, J = 6.9 Hz, 3H).
13C NMR (100 MHz, CDCl3): δ 167.24, 162.39 (d, J = 249.5 Hz), 151.19, 144.16, 142.33, 135.59, 134.11,
132.63, 131.13, 123.70, 123.22, 122.78, 121.99 (d, J = 8.1 Hz), 120.77, 119.29 (d, J = 6.1 Hz), 116.60 (d, J =

22.8 Hz), 109.14, 42.80, 42.74, 39.87, 17.10.

2-(1-(1-((1-(p-Tolyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)ethyl)isoindoline-1,3-
dione (6z): Yellow solid; m.p. 118–120 ◦C; Yield: 65%. HRMS m/z calcd. (M + H)+ 463.5026, found
463.1884. 1H NMR (400 MHz, CDCl3): δ 7.92 (d, J = 8.4 Hz, 1H), 7.62–7.48 (m, 4H), 7.36–7.25 (m, 5H),
7.23–7.14 (m, 4H), 5.88 (q, 1H), 5.47 (s, 2H), 2.37 (s, 3H), 2.09 (d, J = 6.9 Hz, 3H). 13C NMR (100 MHz,
CDCl3): δ 167.26, 151.24, 143.79, 142.30, 139.00, 135.63, 134.09, 131.08, 130.08, 123.67, 123.24, 122.75,
120.73, 119.95, 119.07, 109.19, 42.73, 39.98, 21.14, 17.10.

2-(1-(1-((1-Phenyl-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)ethyl)isoindoline-1,3-
dione (6a’): Brown solid; m.p. 187–189 ◦C; Yield: 51%. HRMS m/z calcd. (M + H)+ 449.4760, found
449.1713. 1H NMR (400 MHz, CDCl3): δ 7.88 (dd, J = 6.0, 2.0 Hz, 1H), 7.61 (d, J = 5.2 Hz, 2H), 7.54 (d, J
= 3.1 Hz, 2H), 7.47–7.31 (m, 8H), 5.91 (dd, J = 13.8, 6.8 Hz, 1H), 5.52 (d, J= 6.6 Hz, 2H), 2.13 (d, J = 6.9
Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 167.23, 151.21, 143.84, 141.95, 136.26, 135.46, 134.12, 131.04,
129.61, 128.90, 123.80, 123.23, 122.91, 120.54, 120.00, 119.14, 109.28, 42.67, 39.92, 21.12, 17.03.

2-(1-(1-((1-(Perfluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)ethyl)isoin
doline-1,3-dione (6b’): White solid; m.p. 215–217 ◦C; Yield: 62%. HRMS m/z calcd. (M + H)+ 539.4283,
found 539.1247. 1H NMR (400 MHz, CDCl3): δ 7.88 (dd, J = 6.0, 2.0 Hz, 1H), 7.76–7.73 (m, 2H),
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7.69–7.67 (m, 2H), 7.42 (s, 1H), 7.29 (dd, J = 7.9, 3.1 Hz, 3H), 5.91 (q, 1H), 5.52 (d, J = 6.6 Hz, 2H), 2.10 (d,
J = 6.9 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 167.45, 151.15, 143.54, 142.31, 140.87, 139.25, 136.70,
135.25, 134.32, 131.49, 124.28, 123.65, 123.41, 122.78, 120.70, 109.28, 42.82, 39.33, 17.11.

2-(1-(1-((1-(2-Fluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)ethyl)isoind
oline-1,3-dione (6c’): White solid; m.p. 186–188 ◦C; Yield: 64%. HRMS m/z calcd. (M + H)+ 467.4665,
found 467.1624. 1H NMR (400 MHz, CDCl3): δ 7.82 (s, 1H), 7.62–7.56 (m, 3H), 7.55–7.47 (m, 3H), 7.29
(s, 1H), 7.23 (s, 2H), 7.15 (d, J = 6.3 Hz, 2H), 5.87 (d, J = 4.5 Hz, 1H), 5.44 (s, 2H), 2.06 (d, J = 4.5 Hz,
3H).13C NMR (100 MHz, CDCl3): δ 167.28, 150.98, 142.76 (d, J = 120.9 Hz), 135.47, 134.11, 131.37, 130.42
(d, J = 8.0 Hz), 125.12 (d, J = 3.4 Hz), 124.51, 123.63, 123.38, 123.33, 122.75, 122.51 (d, J = 8.3 Hz), 120.58,
117.04 (d, J = 19.8 Hz), 42.74, 39.65, 17.09.

2-(1-(1-((1-(2,4-Difluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)ethyl)isoin
doline-1,3-dione (6d’): White solid; m.p. 195–197 ◦C; Yield: 43%. HRMS m/z calcd. (M + H)+ 485.4569,
found 485.1532. 1H NMR (400 MHz, CDCl3): δ 7.82 (d, J = 28.8 Hz, 2H), 7.66 (s, 2H), 7.58 (s, 2H), 7.45
(d, J = 19.8 Hz, 2H), 7.35–7.16 (m, 3H), 6.93 (s, 1H), 5.89 (s, 1H), 5.46 (s, 2H), 2.07 (s, 3H). 13C NMR (100
MHz, CDCl3): δ 167.25, 151.18, 142.85 (d, J = 129.4 Hz), 135.41, 134.10, 131.41, 125.80, 123.59, 123.31),
122.60 (d, J = 23.1 Hz), 120.61, 112.49 (d, J = 18.8 Hz), 109.29, 105.40, 42.74, 39.55, 17.08.

2-(1-(1-((1-Benzyl-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)ethyl)isoindoline-1,3-
dione (6e’): Yellow solid; m.p. 181–183 ◦C; Yield: 61%. HRMS m/z calcd. (M + H)+ 463.5026, found
463.1881. 1H NMR (400 MHz, CDCl3): δ 7.85 (d, J = 7.5 Hz, 1H), 7.65 (s, 4H), 7.39–7.20 (m, 7H), 7.07 (d,
J = 4.3 Hz, 2H), 6.98 (s, 1H), 5.85 (q, 1H), 5.38 (s, 2H), 5.12 (q, J = 31.3, 14.9 Hz, 2H), 2.06 (d, J = 6.9 Hz,
3H). 13C NMR (100 MHz, CDCl3): δ 167.32, 151.25, 143.30, 142.25, 135.45, 134.19, 131.51, 129.11, 128.80,
127.97, 123.43, 123.27, 122.56, 121.45, 120.53, 109.48, 54.00, 42.78, 39.74, 17.17.

2-(1-(1-((1-(2,6-Difluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)ethyl)isoin
doline-1,3-dione (6f’): Green solid; m.p. 94–96 ◦C; Yield: 54%. HRMS m/z calcd. (M + H)+ 485.4569,
found 485.1531. 1H NMR (400 MHz, CDCl3): δ 7.67 (d, J = 34.1 Hz, 1H), 7.39 (s, 3H), 7.24 (s, 2H), 7.00
(s, 3H), 5.92 (s, 1H), 5.52 (s, 2H), 2.11 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 167.49, 156.48 (d, J = 256.5
Hz), 134.35, 131.59 (d, J = 20.5 Hz), 128.86, 126.99, 123.81, 123.49, 120.58, 114.76, 112.57 (d, J = 19.0 Hz),
29.76, 22.77, 17.05, 14.24.

2-(1-(1-((1H-1,2,3-Triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)ethyl)isoindoline-1,3-dione (6g’):
White solid; m.p. 97–99 ◦C; Yield: 57%. HRMS m/z calcd. (M + H)+ 373.3800, found 373.1433.
1H NMR (400 MHz, DMSO): δ 7.77–7.73 (m, 2H), 7.71–7.67 (m, 2H), 7.63 (d, J = 4.9 Hz, 1H), 7.48–7.29
(m, 2H), 7.20–7.12 (m, 2H), 5.90 (s, 1H), 5.37 (dd, J = 41.7, 16.5 Hz, 2H), 1.86 (d, J = 6.6 Hz, 3H). 13C
NMR (100 MHz, DMSO): δ 167.66, 152.15, 142.16, 136.15, 134.90, 131.76, 123.44, 123.08, 122.30, 119.77,
110.91, 79.71, 42.85, 17.25.

2-(1-(1-((1-(4-Fluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)ethyl)-5-methy
lisoindoline-1,3-dione (6h’): White solid; m.p. 222–224 ◦C; Yield: 64%. HRMS m/z calcd. (M + H)+

481.4930, found 481.1785. 1H NMR (400 MHz, CDCl3): δ 7.88 (d, J = 7.6 Hz, 1H), 7.44 (d, J = 7.8 Hz,
1H), 7.35–7.21 (m, 8H), 7.08 (dd, J = 16.9, 8.7 Hz, 3H), 5.82 (q, J = 6.7 Hz, 1H), 5.43 (s, 2H), 2.25 (s, 3H),
2.04 (d, J = 6.9 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 167.21, 151.31, 144.82 (d, J = 125.8 Hz), 142.28,
135.60, 134.63, 131.99 (d, J = 124.4 Hz), 128.48, 123.64, 122.97 (d, J = 45.8 Hz), 121.83 (d, J = 8.4 Hz),
119.12, 116.54 (d, J = 23.2 Hz), 109.12, 42.62, 39.89, 31.01, 21.89, 17.05.

5-Methyl-2-(1-(1-((1-(p-tolyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)ethyl)isoin
doline-1,3-dione (6i’): White solid; m.p. 216–218 ◦C; Yield: 83%. HRMS m/z calcd. (M + H)+ 477.5292,
found 477.2035. 1H NMR (400 MHz, CDCl3): δ 7.87 (d, J = 7.8 Hz, 1H), 7.42 (d, J = 8.1 Hz, 1H), 7.24 (m,
5H), 7.15 (d, J = 2.4 Hz, 4H), 7.10 (s, 1H), 5.80 (q, J = 6.9 Hz, 1H), 5.40 (d, J = 2.7 Hz 2H), 2.33 (s, 3H),
2.20 (s, 3H), 2.03 (d, J = 7.0 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 167.35, 167.16, 151.38, 145.38,
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143.75, 142.21, 138.82, 135.64, 134.58, 134.03, 131.28, 129.99, 128.40, 123.57, 123.16, 122.63, 120.55, 119.68,
118.83, 109.23, 42.53, 39.91, 21.84, 21.09, 17.03.

5-Methyl-2-(1-(1-((1-(4-(trifluoromethyl)phenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imida
zol-2-yl)ethyl)isoindoline-1,3-dione (6j’): White solid; m.p. 265–267 ◦C; Yield: 74%. HRMS m/z calcd.
(M + H)+ 477.5292, found 477.2035. 1H NMR (400 MHz, CDCl3): δ 7.91 (d, J = 7.6 Hz, 1H), 7.67 (d, J =

8.5 Hz, 2H), 7.50 (d, J = 8.5 Hz, 2H), 7.43 (d, J = 8.1 Hz, 1H), 7.34–7.22 (m, 6H), 5.83 (q, J = 6.9 Hz, 1H),
5.46 (s, 2H), 2.21 (s, 3H), 2.06 (d, J = 7.0 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 167.39, 167.18, 151.31,
145.50, 144.68, 142.35, 138.69, 135.60, 134.64, 131.35, 128.43, 126.94, 123.75, 123.60, 123.23, 122.84, 120.84,
119.85, 118.91, 109.05, 42.66, 39.89, 21.81, 17.07.

2-(1-(1-((1H-1,2,3-Triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)ethyl)-5-methylisoindoline-1,3-
dione (6k’): Brown solid; m.p. 100–102 ◦C; Yield: 54%. HRMS m/z calcd. (M + H)+ 387. 4066, found
387.1605. 1H NMR (400 MHz, CDCl3): δ 7.86 (d, J = 7.1 Hz, 1H), 7.54 (d, J = 7.5 Hz, 1H), 7.47 (s, 1H),
7.32 (d, J = 7.5 Hz, 1H), 7.25 (t, J = 6.5 Hz, 4H), 5.84 (q, J = 13.4, 6.5 Hz 1H), 5.41 (s, 2H), 2.35 (s, 3H),
2.04 (d, J = 6.8 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 167.54, 151.35, 145.59, 141.88, 135.44, 134.80,
131.76, 128.81, 123.91, 123.63, 123.34, 122.80, 120.45, 109.55, 42.49, 39.43, 21.96, 17.08.

5-Methyl-2-(1-(1-((1-phenyl-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)ethyl)isoindo
line-1,3-dione (6l’): White solid; m.p. 185–187 ◦C; Yield: 63%. HRMS m/z calcd. (M + H)+ 463.5026,
found 463.1893. 1H NMR (400 MHz, CDCl3): δ 7.89 (d, J = 7.8 Hz, 1H), 7.43 (d, J = 8.1 Hz, 1H),
7.40–7.34 (m, 3H), 7.33–7.22 (m, 8H), 7.16 (s, 1H), 5.82 (q, J = 6.9 Hz, 1H), 5.48–5.37 (m, 2H), 2.20 (s, 3H),
2.05 (d, J = 6.9 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 167.32, 167.14, 151.31, 145.40, 143.92, 142.16,
136.23, 135.60, 134.57, 131.21, 129.53, 128.70, 128.34, 123.58, 123.15, 122.67, 120.58, 119.73, 118.82, 109.15,
42.50, 39.90, 21.79, 16.99.

2-(1-(1-((1-Benzyl-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)ethyl)-5-methylisoindo
line-1,3-dione (6m’): Green solid; m.p. 142–144 ◦C; Yield: 74%. HRMS m/z calcd. (M+H)+ 477.5292,
found 477.2048. 1H NMR (400 MHz, CDCl3): δ 7.76 (d, J = 7.3 Hz, 1H), 7.51–7.33 (m, 3H), 7.32–7.08 (m,
7H), 7.08–6.91 (m, 3H), 5.77 (d, J = 6.8 Hz, 1H), 5.29 (s, 2H), 5.07 (q, J = 15.0 Hz, 2H), 2.40 (s, 3H), 1.99
(d, J = 6.7 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 167.50, 167.40, 151.36, 145.50, 143.28, 142.16, 135.39,
134.79, 134.29, 131.89, 129.07, 128.94, 128.74, 127.90, 123.83, 123.39, 123.19, 122.52, 121.61, 120.41, 109.60,
53.95, 42.72, 39.68, 22.12, 17.15.

5-Methyl-2-(1-(1-((1-(pyridin-4-yl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)ethyl)i
soindoline-1,3-dione (6n’): White solid; m.p. 236–238 ◦C; Yield: 75%. HRMS m/z calcd. (M + H)+

463.4906, found 464.1820. 1H NMR (400 MHz, CDCl3): δ 8.63 (d, J = 5.2 Hz, 2H), 7.91 (d, J = 8.0 Hz,
1H), 7.72 (d, J = 8.1 Hz, 1H), 7.48 (d, J = 7.5 Hz, 1H), 7.41–7.36 (m, 1H), 7.34–7.27 (m, 6H), 5.86 (q, J = 6.9
Hz, 1H), 5.49 (s, 2H), 2.29 (s, 3H), 2.08 (d, J = 7.0 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 167.37, 167.20,
151.31, 149.95, 145.65, 144.64, 142.31, 141.25, 135.57, 134.70, 131.43, 128.49, 127.26, 124.01, 123.72, 123.67,
123.24, 122.82, 120.79, 119.08, 109.09, 42.65, 39.85, 21.91, 17.07.

2-(1-(1-((1-(2-Fluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)ethyl)-5-meth
ylisoindoline-1,3-dione (6o’): White solid; m.p. 185–187 ◦C; Yield: 64%. 1H NMR (400 MHz, CDCl3):
δ 7.87 (d, J = 7.4 Hz, 1H), 7.51 (dd, J = 13.7, 7.5 Hz, 2H), 7.41 (d, J = 12.7 Hz, 2H), 7.36–7.23 (m, 5H), 7.17
(dd, J = 17.5, 9.2 Hz, 2H), 5.86 (q, J = 13.6, 6.7 Hz, 1H), 5.46 (s, 2H), 2.31 (s, 3H), 2.06 (d, J = 6.9 Hz, 3H).
13C NMR (100 MHz, CDCl3): δ 167.38, 167.27, 152.89 (d, J = 251.9 Hz), 151.32, 145.43, 143.50, 142.27,
135.59, 134.65, 131.66, 130.33 (d, J = 7.7 Hz), 128.76, 125.08, 125.05, 124.67 (d, J = 9.9 Hz), 124.35, 123.78,
123.58, 123.31, 122.67, 122.35 (d, J = 8.6 Hz), 120.65, 117.05 (d, J = 20.0 Hz), 109.32, 42.63, 39.71, 21.96,
17.07.

2-(1-(1-((1-(2,4-Difluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)ethyl)-5-
methylisoindoline-1,3-dione (6p’): White solid; m.p. 206–208 ◦C; Yield: 52%. HRMS m/z calcd. (M +

H)+ 499.4835, found 499.1699. 1H NMR (400 MHz, CDCl3): δ 7.85 (d, J = 7.5 Hz, 1H), 7.53 (d, J = 7.5
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Hz, 1H), 7.47 (d, J = 5.9 Hz, 1H), 7.40 (d, J = 5.8 Hz, 2H), 7.35 (d, J = 7.5 Hz, 1H), 7.31–7.21 (m, 3H), 6.93
(t, J = 8.1 Hz, 2H), 5.84 (q, 1H), 5.45 (s, 2H), 2.35 (s, 3H), 2.05 (d, J = 6.6 Hz, 3H). 13C NMR (100 MHz,
CDCl3): δ 167.38, 167.27, 154.14, 151.64, 151.32, 144.54 (d, J = 183.5 Hz), 142.27, 135.59, 134.65, 131.66,
130.36, 130.29, 128.76, 125.77 (d, J = 9.8 Hz), 124.72, 124.62, 124.35, 123.78, 123.58, 123.31, 122.67, 122.36
(d, J = 7.5 Hz), 120.65, 117.15, 116.95, 112.46 (d, J = 19.5 Hz), 109.32, 42.63, 39.71, 21.96, 17.07.

2-(1-(1-((1-(2,6-Difluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)ethyl)-5-
methylisoindoline-1,3-dione (6q’): Green solid; m.p.166–168 ◦C; Yield: 52%. HRMS m/z calcd. (M +

H)+ 499.4835, found 499.1698. 1H NMR (400 MHz, CDCl3): δ 7.87 (s, 1H), 7.60 (d, J = 7.5 Hz, 1H), 7.50
(s, 1H), 7.41 (d, J = 7.9 Hz, 2H), 7.35 (s, 2H), 7.29–7.24 (m, 2H), 7.02 (t, J = 8.4 Hz, 2H), 5.90 (d, J = 6.4 Hz,
1H), 5.52 (s, 2H), 2.41 (s, 3H), 2.10 (d, J = 6.3 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 167.62, 167.51,
156.45 (d, J = 257.1 Hz), 145.71, 134.90, 131.67 (d, J = 18.4 Hz), 128.83, 123.94 (d, J = 17.2 Hz), 123.43,
122.90, 120.52, 114.72, 112.52 (d, J = 20.4 Hz), 109.71, 42.58, 39.63, 29.77, 22.08, 17.14, 14.24.

2-(2-Methyl-1-(1-((1-(perfluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)pro
pyl)isoindoline-1,3-dione (6r’): Yellow solid; m.p. 170–172 ◦C; Yield: 59%. HRMS m/z calcd. (M + H)+

567.4815, found 567.1564. 1H NMR (400 MHz, CDCl3): δ 7.73 (dd, J = 5.1, 3.1 Hz, 1H), 7.73–7.71 (m,
2H), 7.66–7.61 (m, 2H), 7.60 (s, 1H), 7.38–7.31 (m, 1H), 7.20–7.18 (m, 2H), 5.65 (dd, J = 53.0, 16.7 Hz, 2H),
5.29 (d, J = 10.8 Hz, 1H), 3.64–3.55 (m, 1H), 0.99 (dd, J = 6.4, 4.1 Hz, 6H). 13C NMR (100 MHz, CDCl3):
δ 167.80, 150.27, 143.80, 142.54, 134.63, 134.33, 131.34, 124.52, 123.52, 122.70, 120.70, 109.67, 53.23, 38.93,
28.45, 20.87, 19.47.

2-(1-(1-((1-(2-Fluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)-2-methylprop
yl)isoindoline-1,3-dione (6s’): Yellow solid; m.p. 115–117 ◦C; Yield: 62%. HRMS m/z calcd. (M + H)+

495.1937, found 495.5196. 1H NMR (400 MHz, CDCl3): δ 7.92–7.86 (m, 1H), 7.73 (dd, J = 5.3, 3.0 Hz,
2H), 7.64–7.57 (m, 4H), 7.44–7.32 (m, 2H), 7.29–7.14 (m, 4H), 5.63 (dd, J = 55.0, 16.8 Hz, 2H), 5.35 (d, J =

10.8 Hz, 1H), 3.69–3.59 (m, 1H), 1.10 (d, J = 6.6 Hz, 3H), 1.02 (d, J = 6.6 Hz, 3H). 13C NMR (100 MHz,
CDCl3): δ 167.66, 153.05 (d, J = 251.2 Hz), 150.19, 143.06 (d, J = 115.3 Hz), 134.77, 134.18, 131.27, 130.42
(d, J = 7.8 Hz), 125.20, 125.17, 124.65, 123.52, 122.70, 120.74, 117.02 (d, J = 20.0 Hz), 109.74, 53.09, 39.31,
28.48, 21.08, 19.48.

2-(1-(1-((1-(2,4-Difluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)-2-methyl
propyl)isoindoline-1,3-dione (6t’): Yellow solid; m.p. 100–102 ◦C; Yield: 59%. HRMS m/z calcd. (M +

H)+ 513.5101, found 513.1841. 1H NMR (400 MHz, CDCl3): δ 7.84 (d, J = 8.0 Hz, 1H), 7.69 (dd, J = 4.0,
3.0 Hz, 2H), 7.62–7.47 (m, 4H), 7.36 (d, J = 4.7 Hz, 1H), 7.30–7.15 (m, 2H), 6.92 (d, J = 6.0 Hz, 2H), 5.59
(dd, J = 51.8, 16.8 Hz, 2H), 5.32 (d, J = 10.8 Hz, 1H), 3.70–3.49 (m, 1H), 1.06 (d, J = 6.3 Hz, 3H), 0.98 (d, J
= 6.3 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ 177.92, 167.65, 162.50 (d, J = 253.1 Hz), 153.49 (d, J =

241.9 Hz), 150.15, 143.70, 142.45, 134.76, 134.63, 134.21, 131.25, 126.00 (d, J = 9.9 Hz), 123.47, 122.74,
122.66, 121.43, 120.64, 112.56 (d, J = 19.4 Hz), 109.73, 105.61, 105.37, 105.11, 68.62, 53.62, 53.07, 39.18,
28.43, 27.85, 22.22, 21.04, 19.45.

2-(1-(1-((1-(2,6-Difluorophenyl)-1H-1,2,3-triazol-4-yl)methyl)-1H-benzo[d]imidazol-2-yl)-2-methy
lpropyl)isoindoline-1,3-dione (6u’): Yellow solid; m.p. 91–93 ◦C; Yield: 50%. HRMS m/z calcd. (M +

H)+ 513.5101, found 513.1866. 1H NMR (400 MHz, CDCl3): δ 7.84 (s, 1H), 7.75 (s, 2H), 7.64 (s, 2H), 7.42
(d, J = 20.8 Hz, 3H), 7.24 (s, 3H), 7.01 (t, J = 7.1 Hz, 2H), 5.66 (dd, J = 63.4, 15.7 Hz, 2H), 5.31 (d, J = 8.6
Hz, 1H), 3.63 (brs, 1H), 0.99 (d, J = 1.4 Hz, 6H). 13C NMR (100 MHz, CDCl3): δ 167.83, 156.60 (d, J =

255.5 Hz), 150.35, 142.78 (d, J = 71.6 Hz), 134.65, 134.33, 131.74, 131.65, 131.55, 131.31, 124.51, 123.59,
122.75, 120.66, 112.55 (d, J = 19.5 Hz), 109.86, 53.16, 39.15, 28.46, 20.85, 19.52.

4.3.2. Biology

Maintenance of the S. mansoni (Naval Medical Research Institute (NMRI) isolate), life cycle
involved male Golden Syrian Hamsters and Biomphalaria glabrata snails (NMRI isolate), as the definitive
and intermediate hosts, respectively [40,41,47]. Use of hamsters was approved by the Institutional
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Animal Care and Use Committee of the University of California San Diego. The preparation of somules
(post-infective larvae derived from infectious larvae called cercariae) and adult worms (≥42-days-old),
and their co-incubation with test compounds using a customized Basch incubation medium were
as described [40,41,48]. Screens of two developmental stages were employed in order to identify
compounds with a potential broader spectrum of efficacy than the current drug, PZQ, which is deficient
in this regard [49,50]. Screens with somules employed 96-well round-bottomed plates and 40–50
animals/well, whereas screens with adults employed 24-well flat-bottomed plates and approximately
5–7 males and 2–3 females/well. Screens employed a final compound concentration of 10 µM in DMSO
(at 0.5% and 0.1% final concentrations for somules and adults, respectively). The complex and often
dynamic phenotypic responses that the schistosome parasite is capable of were observed using an
Axiovert A1 inverted microscope at the times indicated in the data table. Observations were codified
using a defined nomenclature that involves simple “descriptors”, to convey changes in shape, motility
and appearance compared to DMSO controls [40]. Each descriptor was given a value of 1 and these
were added up to yield a “severity score” with a maximum of 4. Evidence of degeneracy or death was
awarded a value of 4 for adult parasites specifically, the inability to adhere to the bottom of the well
using oral or ventral suckers was given a score of 1 and damage to the tegument (surface) was awarded
a value of 4 on the understanding that such damage in vivo would compromise survival [42,43]. Scores
were averaged across the two experiments.

4.3.3. HepG2 Cell Cytotoxicity Assay

HepG2-A16-CD81EGFP cells (human hepatocarcinoma HepG2 cells stably transformed to express
the tetraspanin CD81 receptor [51,52]) were cultured at 37 ◦C in 5% CO2 in DMEM (without phenol red;
Thermo Fisher Scientific, Waltham, MA, USA) supplemented with 10% FBS, 0.29 mg/mL glutamine,
100-unit penicillin and 100 µg/mL streptomycin. For cytotoxicity assays, compounds were prepared in
12-point 1:3 serial dilutions in DMSO starting at 10 mM. Then, 50 nL of compound (0.5% final DMSO
concentration) were transferred with an Acoustic Transfer System (ATS) (Biosero) into white, solid
bottom 1536-well assay plates (Greiner BioOne custom GNF mold; Monroe, NC, USA). Puromycin
(12-point serial dilution starting at 10 µM) and 0.5% DMSO were used as positive and negative
controls, respectively. After addition of compound, HepG2-A16-CD81EGFP cells in 10 µL of the above
medium (5% FBS) were seeded into the assay plates at a density of 3,000 cells per well. Assay plates
were incubated at 37 ◦C in 5% CO2for 72 h. To assess the HepG2 viability, the assay medium was
removed by inverted centrifugation of the plate at 150 xg for 30 s. Then, 2 µL per well of CellTiter-Glo
reagent (Promega diluted 1:2 with deionized water) was added using a MicroFlo liquid handler
(BioTek). Immediately after addition of the CellTiter-Glo reagent, the luminescence was measured
with an EnVision Multilabel reader (PerkinElmer). EC50 values were calculated using the normalized
bioluminescence intensity and a non-linear, variable slope, four-parameter regression curve-fitting
model in Prism 5 (GraphPad Software Inc., San Diego, CA, USA).

Supplementary Materials: The following are available online at http://www.mdpi.com/1424-8247/13/2/25/s1,
Bioactivity data for phthalimide analogues.
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48. Stefanić, S.; Dvořák, J.; Horn, M.; Braschi, S.; Sojka, D.; Ruelas, D.S.; Suzuki, B.; Lim, K.C.; Hopkins, S.D.;
McKerrow, J.H.; et al. RNA interference in Schistosoma mansoni schistosomula: Selectivity, sensitivity and
operation for larger-scale screening. PLoS Negl. Trop. Dis. 2010, 4, e850. [CrossRef]

49. Sabah, A.A.; Fletcher, C.; Webbe, G.; Doenhoff, M.J. Schistosoma mansoni: Chemotherapy of infections of
different ages. Exp. Parasitol. 1986, 61, 294–303. [CrossRef]

50. Caffrey, C.R. Chemotherapy of schistosomiasis: Present and future. Curr. Opin. Chem. Biol. 2007, 11, 433–439.
[CrossRef]

51. Silvie, O.; Rubinstein, E.; Franetich, J.F.; Prenant, M.; Belnoue, E.; Rénia, L.; Hannoun, L.; Eling, W.; Levy, S.;
Boucheix, C.; et al. Hepatocyte CD81 is required for Plasmodium falciparum and Plasmodium yoelii
sporozoite infectivity. Nat. Med. 2003, 9, 93–96. [CrossRef]

52. Yalaoui, S.; Huby, T.; Franetich, J.F.; Gego, A.; Rametti, A.; Moreau, M.; Collet, X.; Siau, A.; van Gemert, G.J.;
Sauerwein, R.W.; et al. Scavenger receptor BI boosts hepatocyte permissiveness to Plasmodium infection.
Cell Host Microbe 2008, 4, 283–292. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1371/journal.pntd.0000478
http://dx.doi.org/10.1186/s13071-019-3747-6
http://dx.doi.org/10.1371/journal.pntd.0004356
http://dx.doi.org/10.1371/journal.pntd.0005680
http://www.ncbi.nlm.nih.gov/pubmed/28704396
http://dx.doi.org/10.3390/molecules200916620
http://www.ncbi.nlm.nih.gov/pubmed/26389864
http://dx.doi.org/10.1002/9783527808656.ch8
http://dx.doi.org/10.1371/journal.pmed.0040014
http://dx.doi.org/10.1371/journal.pntd.0000850
http://dx.doi.org/10.1016/0014-4894(86)90184-0
http://dx.doi.org/10.1016/j.cbpa.2007.05.031
http://dx.doi.org/10.1038/nm808
http://dx.doi.org/10.1016/j.chom.2008.07.013
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results and Discussion 
	Compound Design and Synthesis 
	Predicted ADME Profile of Pht Analogues 6(a–u’) 
	Bioactivities and Structure-Activity Relationship (SAR) 

	Conclusions 
	Experimental 
	General Procedure for the Synthesis of Compounds 3(a–h) 
	General Procedure for Synthesis of Compounds 5(a–h) 
	General Synthetic Procedure for Final Compounds 6(a–u’) 
	Spectroscopic Data 
	Biology 
	HepG2 Cell Cytotoxicity Assay 


	References

