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ABSTRACT: The high potential of quinazolinone containing natural products and their derivatives in medicinal chemistry led
us to discover four novel series of 53 compounds of quinazolinone based on the concept of molecular hybridization. Most of the
synthesized analogues exhibited potent leishmanicidal activity against intracellular amastigotes (IC50 from 0.65 ± 0.2 to 7.76 ±
2.1 μM) as compared to miltefosine (IC50 = 8.4 ± 2.1 μM) and nontoxic toward the J-774A.1 cell line and Vero cells. Moreover,
activation of Th1 type and suppression of Th2 type immune responses and induction in nitric oxide generation proved that 8a
and 8g induce murine macrophages to prevent survival of parasites. Compounds 8a and 8g exhibited significant in vivo inhibition
of parasite 73.15 ± 12.69% and 80.93 ± 10.50% against Leishmania donovani/hamster model. Our results indicate that
compounds 8a, 8g, and 9f represent a new structural lead for this serious and neglected disease.

■ INTRODUCTION

Leishmaniasis is a debilitating disease caused by the protozoan
parasites of the genus Leishmania that pose serious public health
challenges for prevention, diagnosis, and treatment.1 Leishmania
donovani, the etiological agent of visceral leishmaniasis (VL),
affects about 12 million people in nearly 90 countries and an
estimated 51000 annual deaths for leishmaniasis, representing a
significant health problem in tropical and subtropical regions of
the world.2 Leishmania parasites are transmitted to humans
almost exclusively by biting of infected phlebotomine sand flies
as proliferative promastigotes. Inside the mammalian body, the
parasite multiplies within phagolysosomes of macrophages as
intracellular amastigotes.3 Active VL is almost fatal if not treated
after the onset of clinicopathological abnormalities.4 To survive
within macrophages, Leishmania has developed several mecha-

nisms to cause dysfunction in their host macrophages and the
outcome of infection depends on the production and/or
secretion of immunosuppressive molecules that includes trans-
forming growth factor (TGF)-β, interleukin (IL)-10, and
prostaglandin E2 (PGE2).5a These molecules distort the normal
immune response by suppression of host-protective microbicidal
molecules, nitric oxide (NO), and reactive oxygen species (ROS)
and cytokines interferon (IFN)-γ, IL-1, IL-12, and tumor
necrosis factor-α (TNF-α).5b Antileishmanial therapy relies on
handful number of drugs such as antimony-based drugs:
meglumine antimoniate (Glucantime), sodium stibogluconate
(Pentostam), pentamidine, amphotericin B, and miltefosine.6
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Pentavalent antimony, a prodrug which was developed before
1959, is characterized by high toxicity and limited efficacy.
Conventional amphotericin B as the first-line treatment for VL
has replaced antimonials in some areas of the Bihar State of India
wheremore than 60% of newly diagnosed VL cases in this area do
not respond to antimonials.7 Pentamidine (an aromatic
diamidine), the second line treatment options for VL, is also
far from satisfactory due to several side effects and not active
orally. WHO/TDR is currently developing a research program
with miltefosine (a teratogenic drug), represents a fundamental
advance in antileishmanial chemotherapy because it is the first
oral agent. Despite its great efficacy, this drug has a long half-life
(more than 150 h) and parasite resistance is easily induced in
vitro, therefore its use is strictly outlawed in pregnant women.8

Because most of the drugs used in treatment have a list of
problems like unaffordable cost, difficulty in administration, high
toxicity, and more importantly the resistance problem.9 In view
of the foregoing facts, the search for innovative drugs based on
new molecular scaffolds that target the specific metabolic
pathway of the parasite should be highly prioritized, which in
turn requires new medicinal chemistry approaches to discover
novel lead compounds that might populate a pipeline of new
therapeutics. Unfortunately, our limited discerning of leishmania
biology makes difficult the rational designing of antileishmanial
agents.

An attractive concept of hybridization for neglected tropical
disease is becoming popular as an emerging structural
modification tool to design new molecules with improved
bioactivity when compared to the parent compounds.10−12 In
this context, biology oriented synthesis (BIOS) of natural
product-inspired scaffolds and their hybrids may show promising
results in finding new lead structures for chemical biology and
medicinal chemistry research.13−15 Furthermore, bioactive small
molecule natural products possess all of the potency, selectivity,
and pharmacokinetic persona, an important paradigm for drug-
like molecules.16 However, the number of natural products are
limited, hence incorporating either different natural products or
drug fragments may provide millions of combinations which will
be enriched in biological activity and less toxicity.
Quinazolinone is a building block of naturally occurring

alkaloids and is utilized as a druglike scaffold in several natural
products17−21 (trypanthrin, rutaecarpine, and luotonin A, Figure
1), as these possess a wide range of biological activities including
antitumor, anticonvulsant,22 antiviral,23 antiinflammatory, an-
algesic,24 antimicrobial,25 antifungal,26 antimalarial,27 antidia-
betic,28 cytotoxicity,29 and angiotensin II AT1 receptor
antagonists.30 Recently, we have developed an efficient and
facile methodology for the preparation of this privileged
scaffold.31

On the other hand, among the different heterocyclic structures
that have been disclosed, the nitrogen containing class of

Figure 1. Designing of quinazolinone-based hybrids showing antileishmanial activity.
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compounds such as pyrimidine, triazine, peptide, and tetrazole
that are found in many natural products (annomontine,
meridianin G, and almiramide A−C)32−34 are the important
constituents of number of modern drugs35−37 (Figures 1 and 2).
Interestingly, some of these from natural sources have been
screened as potent antileishmanial agents and a number of them
exhibited multifarious pharmacological profiles (Figure 1).38−40

Moreover, previously we have reported the pyrimidine and
triazine class of analogues as good antileishmanial agents (Figure
2).41

On the basis of this reasoning and as a part of our ongoing
interest toward the design and synthesis of novel heterocycles as
anti-infective agents,42 we have synthesized the quinazolinone
hybrids via introducing heterocyclic systems as discussed above
with different possible functionalities. To the best of our
knowledge, the hybridization of these bioactive pharmacophores
and their antileishmanial activity has never been reported to date.
Through these processes, we have discovered novel scaffolds
with potent antileishmanial activity with a high selective index
which was comparable or superior to other current antileishma-
nials, miltefosine and SSG (sodium stibogluconate). The
compounds which have a combination of high efficacy and no
cytotoxicity with the high value of selective index were tested for
in vivo study in a chronic hamster model. We also investigated

the interaction of themost potent compounds with bovine serum
albumin (BSA). Serum albumin, major soluble blood protein, has
many physiological functions such as maintenance of colloidal
osmotic pressure and blood pH. Another characteristic property
of albumins is their reversible interactions with various
endogenous and exogenous compounds which facilitate the
transportation and disposition of several compounds including
drugs, proteins, and fatty acids to specific targets.43−45 BSA a 66
kDa monomer having domains and subdomains stabilized by 17
pairs of disulfide bridges shows 80% structural homology with
human serum albumin.46−48

■ RESULTS AND DISCUSSION

Chemistry. To realize a facile access toward quinazolinone
hybrids with various bioactive heterocycles from readily available
substrates, a set of compounds were synthesized for the
structure−activity relationship (SAR).

Synthesis of Quinazolinone−Pyrimidines (5a−i, Figure
3). 4-(4-Oxo-1,2,3,4-tetrahydroquinazolin-2-yl)benzaldehyde
(3)31 and various substituted acetophenones were subjected to
Claisen−Schmidt condensation49 using KOH in ethanol to
afford the corresponding quinazolinone−chalcones (4a−i).
Intermediate (4a−i) were reacted with the guanidine hydro-

Figure 2. Examples of some pyrimidine-, triazine-, and tetrazole-based bioactive agents.

Figure 3. SAR of the synthesized quinazolinone−pyrimidine hybrids.
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chloride in the presence of NaH in DMF to afford the target
quinazolinone−pyrimidines (5a−i, Scheme 1).

Synthesis of Quinazolinone−Triazine (8a−r, Figure 4).
For the scope of the quinazolinone hybrid, introduction of 1,3,5-

Scheme 1. Synthesis of Quinazolinone−Pyrimidine Derivatives (5a−i)a

aReagents and conditions: (i) cyanuric chloride, CH3CN, 15 min; (ii) substituted acetophenone, KOH, EtOH, 5h rt; (iii) guanidine hydrochloride,
NaH, DMF, 70 °C, 5 h.

Figure 4. SAR of the synthesized quinazolinone−triazine hybrids.

Scheme 2. Synthesis of Quinazolinone−Triazine Derivatives (8a−o)a

aReagents and conditions: (i) acidic SiO2, dry MeOH, 3 h, 60 °C; (ii) (a) cyanuric chloride, THF, 1 h rt; (b) various amines, K2CO3, DMF, reflux, 4
h.

Figure 5. SAR of the synthesized quinazolinone−peptide hybrids.
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triazine at the quinazolinone ring was envisaged. In this respect, a
straightforward synthetic approach was followed for the
synthesis of compounds (8a−r, Scheme 2). The synthesis of
2,4,6-trisubstituted-[1,3,5]triazines were achieved by consec-
utive nucleophilic substitution of cyanuric chloride. The whole
sequence is performed in the same pot with the change of
solvent. Quinazolinone−triazine analogues (8a−r) were formed
by nucleophilic substitution of cyanuric chloride and 2-(4-
aminophenyl)-2-methyl-2,3-dihydroquinazolin-4(1H)-one (7)
in THF at room temperature followed by treatment with various
amines using K2CO3 in dry DMF at 70 °C. Compound 7 was
prepared by the acidic silica-catalyzed condensation of
commercially available anthralinamide (1) and p-aminoaceto-
phenone (6) in MeOH at 60 °C.
Synthesis of Quinazolinone−Peptide (9a−i, Figure 5).

Because the isocyanide-based multicomponent reactions
(IMCRs) are considered as powerful tools in modern organic
synthesis and drug discovery,50 therefore, to further optimize the
SAR, the preparation of new chemical entities (NCEs), based on
multicomponent Ugi reaction, was designed for the creation of
quinazolinone−peptides. The 2-(4-aminophenyl)-2-methyl-2,3-

dihydroquinazolin-4(1H)-one (7), m-chlorobenzoic acid, vari-
ous commercially available aldehydes, and different isocyanides
were subjected to IMCRs in methanol to afford the
corresponding quinazolinone−peptides (9a−i, Scheme 3) with
good to excellent yield at room temperature.

Synthesis of Quinazolinone−Tetrazole (10a−o, 11a−
e). To further optimize the quinazolinone analogues, we have
synthesized a series of quinazolinone−tetrazoles (10a−o) for
generating the collections of molecules with high molecular
diversity via modified TMSN3−Ugi MCR (Figure 6).50b In this
context, compound 7 was allowed to react at room temperature
with different commercially available aldehydes, isocyanides, and
azidotrimethylsilane (TMSN3) in anhydrous methanol to form
the desire quinazolinone−tetrazoles (10a−o, Scheme 4) in good
to excellent yield at room temperature. To introduce further
diversity in the quinazolinone−tetrazole hybrids for the SAR , we
have designed and synthesized another series of quinazolinone−
tetrazole analogue (11a−e) as shown in Scheme 5.
The structures of the compounds were substantiated by 1H

NMR, 13C NMR, mass spectrometry and IR spectroscopy.

Scheme 3. Synthesis of Quinazolinone−Peptide Derivatives (9a−i)

Figure 6. SAR of the synthesized quinazolinone−tetrazole hybrids.

Scheme 4. Synthesis of Quinazolinone−Tetrazole Derivatives (10a−o)

Scheme 5. Synthesis of Quinazolinone−Tetrazole Derivatives (11a−e)
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Biological Activity. In an attempt to identify novel
quinazolinone hybrids, a novel series of 53 compounds was
subjected to the screening test against L. donovani. Each
candidate was evaluated for its in vitro activity against WHO
reference strain (MHOM/IN/80/Dd8) of extracellular promas-
tigotes4 and intramacrophagic amastigotes (expressing luciferase
firefly reporter gene) of L. donovani.51 The in vitro cytotoxicity
assay was performed using murine macrophage cells (J-774A.1
cell line) and mammalian kidney fibroblast cells (Vero cell
line).52 The selectivity of a compound was defined as the ratio of
the cytotoxicity in macrophage cells and the inhibitory activity in
intracellular amastigotes. Compounds which showed in vitro
potency with high selectivity were further tested for their in vivo
efficacy in golden hamsters at a dosage of 50 mg/kg for five days
through the intraperitoneal (IP) route.53 Standard antileishma-
nials, miltefosine and SSG, were included in the study as control
drugs. SARs of the quinazolinone hybrids have been extensively
studied with the different counterparts and wide variation of
substituents around it to optimize potency/selectivity. The
intracellular amastigote form is the clinically relevant parasitic
stage for biological evaluation and interestingly, we were very
pleased to find that among the synthesized analogues most of the

analogues weremore potent against intracellular amastigote form
than promastigotes (Tables 1−4).

In Vitro Antileishmanial Activity of Quinazolinone−
Pyrimidine. Initially, a series of quinazolinone−pyrimidines
(5a−i) was synthesized (Scheme 1) and evaluated for their in
vitro antileishmanial activity, and the results are shown in Table
1. All the synthesized hybrids in this series showed significant to
moderate activity against promastigote with IC50 ranging from
1.75 ± 0.9 to 4.23 ± 1.2 μM. Compounds 5b−e, 5g, and 5i
displayed the significant antiamastigote activity in the micro-
molar range better than that of miltefosine. Miltefosine and SSG
have been evaluated under the same conditions, miltefosine
displayed significant antipromastigote (IC50 = 1.05 ± 0.2 μM),
moderate antiamastigote activity (IC50 = 8.4 ± 2.1 μM), and
toxic to the J-774A.1 cell line (CC50 values of 12.42 ± 3.2 μM)
and less cytotoxicity toward Vero cells (CC50 values of 52.47 ±
2.4 μM). SSG displayed a poor antiamastigote activity (IC50 =
46.70 ± 2.8 μM) although it is nontoxic to J-774A.1 (CC50
297.38± 10.2 μM) and Vero cells (CC50 > 400 μM). Compound
5a, which contained unsubstituted phenyl ring, was inactive
against amastigotes. A progressive enhancement in antiamasti-
gote potency was observed in the case of electron releasing
substituents such as; 3,4,5-trimethoxy substituted hybrid (5b),

Table 1. In Vitro Antileishmanial Activity of Quinazolinone−Pyrimidine (5a−i)

aIC50 values are the average of two independent assays expressed as average ± standard error. bCC50 on J-774A.1 cells. cThe selectivity index (SI) is
defined as the ratio of CC50 on J-774A.1 cells from (b) to IC50 on L. donovani intracellar amastigotes (a). dND: not determined. eNA: not available.
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displaying the promising activity (IC50 = 3.83 ± 1.1 μM),
followed by dimethoxy (5c, IC50 = 4.43 ± 1.5 μM), and
monomethoxy (5d, IC50 = 10.08 ± 1.4 μM). Moreover,
compounds 5b−d was nontoxic to the J-774A.1 cell line (CC50
from 103.32 ± 8.5 to >400 μM) and Vero cells (85.86 ± 8.8 -
>400 μM). Whereas compound 5c exhibited highest selectivity
(SI = 90.29). The presence of the p-chloro substituent enhanced
the antiamastigote activity of compound 5f (IC50 = 1.89 ± 0.9
μM). Importantly, compound 5f was nontoxic to J-774A.1 and
Vero cells (CC50 = 82.15 ± 5.5 and 322.72 ± 15.6 μM,
respectively). Having realized the importance of electron
withdrawing groups on an aryl ring, we synthesized o-chloro
substituted analogue 5h; unfortunately, antiamastigote activity
was lost in 5h. With replacement of p-Cl with p-Br on the aryl
ring (compound 5g), significant reduction in the antileishmanial
activity was observed (IC50 = 7.02 ± 1.5 μM), although it was
nontoxic to J-774A.1 and Vero cells (CC50 125.12 ± 6.8 and
>400 μM, respectively). However, in the p-fluoro substituted
compound (5e), the antiamastigote activity was completely lost.
Compound 5i, having p-phenylpiperazine substituent on the aryl
ring of the R1 group, was found to be the most active candidate
with an IC50 value of 0.65 ± 0.2 μM, 13-fold more potent than
miltefosine (IC50 = 8.4 ± 2.1 μM), however, its cytotoxicity was

high to both J-774A.1 and Vero cells (CC50 value of 10.15 ± 2.5
and 8.32 ± 2.2 μM, respectively). Interestingly, most of the
synthesized analogues exhibited better potency than the natural
product (annomontine).

In Vitro Antileishmanial Activity of Quinazolinone−
Triazine.To find out the role of the effect of triazine counterpart
at the quinazolinone skeleton for SAR, quinazolinone−triazine
hybrids (8a−o, Scheme 2) were prepared by varying the
substituents around the triazine and screened for their in vitro
antileishmanial activity (Table 2). Analogues 8b, 8k, 8m, and 8n
displayed promising antipromastigote activity having IC50 values
in the range of 1.02 ± 0.4 to 6.38 ± 1.5 μM. Compounds 8a, 8b,
8g−i, 8k, and 8n exhibited more potent antiamastigote activity,
having IC50 values in the range of 2.42 ± 0.9 to 6.72 ± 1.1 μM
than miltefosine. Compounds 8a−e, which have p-hydroxy
piperidine, morpholine and aminopropyl morpholine were
appeared to be inactive (IC50 > 40 μM). Compound 8a, having
piperidine substituents, exhibited significant activity (IC50 = 3.95
± 0.8 μM). Homopiperidine containing analogue 8b exhibited
better activity (IC50 = 2.59 ± 1.2 μM) than 8a. Both the
analogues were nontoxic although 8a showed higher selectivity
(SI > 101.26) than 8b (SI = 91.64). Furthermore, compound 8a
proved to be more potent than compound 8d, carrying a less

Table 2. In Vitro Antileishmanial Activity of Quinazolinone−Triazine (8a−o)

aIC50 values are the average of two independent assays expressed as average ± standard error. bCC50 on J-774A.1 cells. cThe selectivity index (SI) is
defined as the ratio of CC50 on J-774A.1 cells (b) to IC50 on L. donovani intracellular amastigotes (a). dND: not determined. eNA: not available.
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basic morpholine. In addition, tetrahydroisoquinoline containing
analogue 8g exhibited potent antiamastigote activity (IC50 = 4.39
± 1.4 μM) and high selectivity (SI > 91.11), whereas the
tetrahydroquinoline containing analogue 8f was inactive,
indicating that the position of nitrogen atom on the tetrahydro
ring is critical in antiamastigote activity. Compound 8h, having
an amyl amine substituent, demonstrated the best potency
among all the synthesized quinazolinone−triazine analogues,
with IC50 value of 2.42± 0.9 μMwithout any cytotoxicity toward
both J-774A.1 and Vero cells (CC50 > 400 μM). Moreover,
compound 8h has a very high selective index (SI > 165.29).
Considering the importance of alkyl amine, we have synthesized
n-butyl and n-propyl substituted derivatives 8i and 8j for SAR,
which were found to be less potent than 8hwith IC50 = 4.80± 1.1
μM and IC50 = 8.87 ± 2.1 μM respectively. On the other side,
tert-butyl substituted derivative 8k exhibited comparable activity
(IC50 = 5.48 ± 1.7 μM) and selectivity with the n-butyl
containing analogue 8i. Surprisingly, all the aminoalkyl
substituted analogues did not cause toxic effects to Vero cells
(CC50 from 141.59 ± 7.4 to >400 μM). Our SAR studies
indicated that aminoalkyl substituent is required for good
antileishmanial activity of the quinazolinone−triazine hybrid.
Introduction of a benzyl group into the quinazolinone−triazine
generated a compound (8n) with good antiamastigote activity

(IC50 = 6.72 ± 1.1 μM) without any toxic effect to Vero cells
(CC50 value of 359.25 ± 12.5 μM) and J-774A.1 cells (CC50 >
400 μM) and has a significant selectivity index (SI > 59.52).
However, polar methoxy group carrying benzyl functionality lost
the antiamastigote activity of compound 8o.

In Vitro Antileishmanial Activity of Quinazolinone−
Peptide. The encouraging results of the above series prompted
us to carry out further structural optimization with the
quinazolinone skeleton. Therefore, quinazolinone−peptides
(9a−i, Scheme 3) via Ugi multicomponent reaction, offer
advantages and flexibility to access the desired hybrid for further
SAR. The tert-butyl isocyanide and cyclohexyl isocyanide were
chosen as a model input for this reaction. Synthesized hybrids
that were found to be inactive against promastigote nevertheless
showed poor to excellent antiamastigote activity, which was
demonstrated in Table 3. Compounds 9a and 9c exhibited poor
antiamastigote activity (p-isopropylarylidine, IC50 12.03 ± 1.4
μM; p-chloroarylidine, IC50 13.48 ± 1.8 μM) but did not show
any toxicity. Compounds 9b and 9d, which contained the p-
methoxy and p-bromo arylidinesubstituents with tert-butyliso-
cyanide functionality, were inactive. Considering the importance
of ferrocene-containing heterocycles in organometallic synthesis
and in medicinal chemistry,54 we have introduced the ferrocene
functionality in the quinazolinone skeleton via Ugi multi-

Table 3. In Vitro Antileishmanial Activity of Quinazolinone−Peptide (9a−i)

aIC50 values are the average of two independent assays expressed as average ± standard error. bCC50 on J-774A.1 cells. cThe selectivity index (SI) is
defined as the ratio of (b) to IC50 on L. donovani intracellular amastigotes (a). dND: not determined. eNA: not available.
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component reaction (9e; tert-butyl as R1) showed moderate
activity (IC50 = 14.18 ± 1.0 μM). To evaluate the effect of

cyclohexyl over tert-butyl, we synthesized the quinazolinone−
peptide 9f. To our surprise, hybrid 9f showed an excellent

Table 4. In Vitro Antileishmanial Activity of Quinazolinone−Tetrazole (10a−o)

aIC50 values are the average of two independent assays expressed as average ± standard error. bCC50 on J-774A.1 cells. cThe selectivity index (SI) is
defined as the ratio of CC50 on J-774A.1 cells (

b) to IC50 on L. donovani intracellular amastigotes (
a). dND: not determined. eNA: not available. NT:

not tested f SSG: sodium stibogluconate.
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antileishmanial activity with IC50 value of 0.73± 0.2 μM, which is
12-fold more potent than miltefosine. However, both the
ferrocene analogues (9e and 9f) were found to be nontoxic to
both J-774A.1 and Vero cells (CC50 > 400 μM). Compound 9f
showed the best selectivity, as indicated by the high value of
selective index (SI > 547.93, Table 3) and was found to be the
most promising in vitro among all the synthesized analogues.
SAR was achieved through the combination of a quinazolinone
with a metal (Fe) containing fragment; such a hybrid can
translate into an enhanced activity of 9f with high selectivity
compared to the other analogues. Introducing the isopropyl in
the p-position of aryl part and tert-butyl as the R1 group
(compound 9a) exhibited the moderate activity with IC50 =
12.03 ± 1.4 μM. While the replacement of the tert-butyl with
cyclohexyl as the R1 group with the same aromatic ring, i.e., p-
isopropyl arylidene (compound 9g; IC50 = 4.74± 0.9 μM), led to
3-fold enhancement of the leishmanicidal activity as compared to
9a, it displayed no toxicity toward J-774A.1 and Vero cells (CC50
> 400 μM). Interestingly, compounds 9f and 9g were more
potent than the natural product (Almiramide A−C). On the
contrary, p-methoxy and p-chloro arylidene as the R2 and
cyclohexyl as the R1 group substituted analogues 9h and 9i did
not show any antileishmanial activity.
In Vitro Antileishmanial Activity of Quinazolinone−

Tetrazole. To find out the role of the effect of Ugi products in
the form of tetrazole scaffolds, we have synthesized the
quinazolinone−tetrazole hybrid (10a−o, 11a−e, Schemes 3
and 4) and screened for their in vitro antileishmanial activity
(Table 4). Compounds 10a, 10e, 10f, 10h, 10i, and 10k
exhibited significant antipromastigote activity with IC50 value in
the range of 1.21 ± 0.2 to 7.00 ± 2.5 μM, whereas compounds
10a, 10e, 10f, and 10k exhibited good antiamastigote activity
against the pathogen L. donovanii with IC50 values in the range of
7.06 ± 1.4 to 9.07 ± 1.2 μM (Table 4). The quinazolinone−
tetrazole hybrid 10a, having p-isopropyl substituent on the aryl
ring, displayed good antileishmanial activity (IC50 = 7.76 ± 2.1
μM), while compound 10k with cyclohexyl instead of tert-butyl
displayed weak activity (IC50 = 9.07 ± 1.2 μM). Interestingly,
both the derivatives (10a and 10k) were nontoxic to J-774A.1
and Vero cells (CC50 > 400 μM). Compounds 10e and 10f,
which contain halo substituents such as chloro and bromo on aryl
ring, displayed comparable activity (IC50 = 7.06 ± 1.4 μM and
IC50 = 8.46 ± 1.7 μM, respectively) without any toxicity.
Modification of R1 from tert-butyl to cyclohexyl in the analogues
10m and 10n, having p-chloro and p-bromo arylidine
substituents, exhibited less potency with IC50 value of 11.33 ±
1.2 μM and 9.42 ± 0.8 μM, respectively, than the compounds
10e and 10f. However, p-fluoro aryl substituted analogue 10d
was inactive. tert-Butyl as the R1 group and a moderate electron
releasing group such as mono methoxyarylidene containing
analogue 10b showed poor leishmanicidal activity (IC50 = 13.05
± 1.6 μM), whereas trimethoxy arylidene substituted analogue
10c displayed no inhibition. These results indicated that tert-
butyl as R1 functionality containing hybrids have a pivotal role in
antileishmanial activity than the cyclohexyl carrying one.
Introduction of heterocyclic moiety like pyridine as a part of
R2 in the compound 10g resulted in a complete loss of activity.
For the sterical demand of the aryl portion, we introduced the
naphthyl and 4-methoxynaphthyl as the R2 and tert-butyl as the
R1 group (compounds 10h and 10i), did not show
antiamastigote activity, which is likely to be due to its steric
properties. To our surprise, compounds 10j and 10o bearing the
ferrocene fragment as a part of R2 and tert-butyl as R1 were found

to be inactive. Interestingly, compounds 10a, 10b, 10e, 10k,
10m, and 10n was nontoxic to J-774A.1 and Vero cells (CC50 >
400 μM)with good selectivity (SI ranging from >30.65 to 56.65).
On the other side, another series of quinazolinone−tetrazole
hybrids (11a−e) was found to be inactive against the amastigote
stages of the parasite. However, compounds 11a−d demon-
strated moderate antipromastigote activity with IC50 value in the
range of 1.27 ± 0.6 to 5.59 ± 2.05 μM.
The compounds that combine with high leishmanicidal

activity and low or no cytotoxicity were 5b, 5c, 5f, 5g, 8a, 8b,
8g−k, 8n, 9a, 9c, 9f, 9g, 10a, 10b, 10e, 10f, 10k, 10m, and 10n.
Moreover, these analogues exhibited high selectivity as indicated
by the high value of selective index (SI ranging from 22.41 to
>547.94), which was several-fold better than miltefosine (SI =
1.48) and SSG (SI > 8.57).
The higher potency of quinazolinone analogues against the

amastigote stage of the parasite may be due to the activation of
murine macrophages to produce microbicidal molecules and
represent a new lead in the development of antileishmanial drugs.
Calculated physicochemical properties of the most potent

antileishmanial compounds were done (Table 5) using

moleinspiration to assess if they were compliant with the
Lipinski “rule of five” criteria (Table 5); the data showed that all
molecules have (a) molecular weight in the range of 427−715 g/
mol, which is lower and higher than the accepted 500 g/mol, and
(b) log P close or higher to 5.0, which may indicate that the
compounds are too much lipophilic. The compounds 5f and 8a
did not show violation of the above criteria (Table 5), which
exhibited the good in vitro activity (Table 1 and 2). Although the
other most active compounds 8g, 8h, 8n, 9f, 9g, and 10a did not
meet the compliance to the Lipinski rule of five. Therefore,
obtained results of this informative analysis do not counsel that
any of the ligands should be discarded from this computational
assessment and they should be taken in account for further lead
optimization.

Production of Host Protective Cytokines in Murine
Macrophages Induced by Compounds 8a and 8g.
Leishmania prevents the activation of an effective immune
response by repression of a number of pro-inflammatory
cytokines that included IL-1, IL-12, and TNF-α. For the effective
clearance of parasite burden, it is necessary to augment host
immune responses by the production of these protective
cytokines. Th1 type cytokines, IL-12, and TNF-α play a critical
role in the repression of immunosuppressive cytokines IL-10 and
TGF-β. Our results indicate that quinazolinone−triazine
analogues, 8a and 8g, induce the activation of IL-12 and TNF-
α in treated murine macrophage cells and mediate effective

Table 5. Calculated Physical Properties of Best Active
Antileishmanial Compounds

entry acceptable
range

MW (g/mol)
<500

log
P < 5 nrotb

no. Lipinski
violations

5f 427.8 4.49 3 0
8a 498.6 6.23 5 1
8g 594.7 7.19 5 2
8h 502.6 7.57 13 2
8n 542.6 6.49 9 2
9f 715.0 5.77 9 2
9g 649.2 8.53 8 2
10a 509.2 6.03 7 2
miltefosine 407.56 −0.21 20 0
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suppression of parasite multiplication by abrogation of L.
donovani induced anti-inflammatory cytokines, IL-10 and TGF-
β. A comparative cytokine profile of compound 8g treated
leishmania-infected cells showed >8- and 11-fold (p < 0.01)
increase in IL-12 and TNF-α production, respectively. On the
other hand, 8g treated cells showed∼5- (p < 0.01) and >3-fold (p
< 0.05) decrease in IL-10 and TGF-β production, respectively, in
comparison with untreated infected cells. Moreover, 8a treated
cells also showed 6- and >9-fold (p < 0.01) increase in IL-12 and
TNF-α and >3- (p < 0.01) and 2.8-fold (p < 0.05) decrease in IL-
10 and TGF-β production, respectively (Figure 7).
Induction of Nitric Oxide Generation in Murine

Macrophages in Vitro by Compounds 8a and 8g. Along
with pro-inflammatory cytokines, production of deadly micro-
bicidal agent nitric oxide (NO) by macrophages play a crucial
role in intracellular parasite killing by oxidative stress. IL-10 and
TGF-β inhibit the expression of inducible nitric oxide synthase
(iNOS), responsible for NO generation. Compounds 8a and 8g
treated leishmania-infected macrophages stimulated murine
macrophages and produced significant amount of nitrite, 15.72
and 22.58 μM, respectively, which was >3- (p < 0.01) and ∼5-
fold (p < 0.05) higher than infected untreated cells (4.65 μM)
(Figure 8). Thus, significant generation of nitrite by compounds
8a and 8g treated cells promotes elimination of L. donovani
parasites (Figure 8).
In Vivo Activity against L. donovani/Hamster Model.

Because of the highly promising results obtained for this novel
family of quinazolinone hybrids (5e, 8a, 8b, 8g, 8h, 8n, 9f, 9i, and
10a) in our in vitro studies, they appeared as excellent candidates
for further drug development; to that end, in vivo tests were
performed in the golden hamster model. The aqueous

suspensions of tested compounds were administered for five
consecutive days at 50 mg/kg/day by IP route. The post-
treatment splenic biopsies were done on day 7 of the last dose
administration, and amastigote counts were assessed by Giemsa
staining (Table 5). Compound 5e showed poor percentage
inhibition of 35.83 ± 10.6. Compounds 8a and 8g showed the
best in vivo efficacy among the all tested analogues, on average
73.15 ± 12.69 and 80.93 ± 10.50% inhibitions, respectively, in
parasite multiplication. In contrast, compounds 8h and 8n have
shown moderate inhibition of 43.01 ± 10.30 and 44.83 ±

Figure 7. Compounds 8a and 8gmediated antileishmanial activity via up-regulation of Th1 cytokines (IL-12 and TNF-α) and down-regulation of Th2
cytokines (IL-10 and TGF-β) in infected murine macrophage (J774-A.1) cell line. The levels of cytokine release (pg/mL) in the culture supernatant
were evaluated by sandwich ELISA after 24 h post treatment. Results were expressed as mean ± SD from two independent experiments. The asterisks
indicate statistically significant increase and decrease (*, p < 0.05; **, p < 0.01; ***, p < 0.001) in cytokine production compared between infected
macrophages versus 8a treated and infected versus 8g treated macrophages. Miltefosine was used as a reference drug.

Figure 8.Nitric oxide production (μM) by infected murine macrophage
J-774 cells in response to 8a, 8g, and miltefosine at IC50 dose. The
absorbance of the reaction product was measured at 540 nm using
Griess reagent. The asterisks indicate statistically significant induction
(*, p < 0.05; **, p < 0.01; ***, p < 0.001) of NO production compared
between infected versus 8a treated and infected versus 8g treated J774
cells. Miltefosine was used as a reference drug, and lipopolysaccharide
(LPS 10 μg/mL) was used as a mitogen.
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12.26%, respectively. Quinazolinone−peptide (9f) displayed
better in vivo inhibition of 51.42 ± 15.67% than 9i (48.05 ±
13.60), whereas quinazolinone−tetrazole hybrid 10a exhibited
above moderate inhibition of 54.01 ± 10.65%.
Intrinsic Fluorescence Quenching. To find out the

binding parameters, mechanism of quenching and mode of
interaction of most active compounds 8a, 8g, and 9f with BSA,
fluorescence spectroscopy, and UV−vis absorption spectroscopy
were performed. Fluorescence quenching is useful in finding the
binding behavior of small molecules with proteins. BSA showed
characteristic emission peak at 343 nm upon excitation at 280
nm. Fluorescence intensity was decreased gradually with
increasing concentration of compounds as shown in Figure
9a−c. All three compounds showed fluorescence quenching and
shift in fluorescence (345 to 359 nm with 8a, 345 to 336 nm with
8g, and 345 to 356 nm with 9f) of BSA. All the compounds
showed strong protein binding, and extent of protein binding was
similar for all compounds studied. The decrease in fluorescence
intensity is usually described by the Stern−Volmer equation:55

τ= + = +F F K Q K Q/ 1 [ ] 1 [ ]o SV q 0

where Fo and F are the fluorescence intensities before and after
the addition of the compound or quencher, respectively, KSV is
the dynamic quenching constant; Kq is the quenching rate
constant; [Q] is the concentration of compound added; τ0 is the
average lifetime of the molecule without quencher and its value is
considered to be 10−8 s.56

Stern−Volmer plots for compounds showed good linear
relationship with the increasing concentrations (Figure 9d). The
results showed that higher values of Kq (Table 7) than the
maximum value of the scattering collision quenching constant
(2.0 × 1010 L mol−1 s−1) for biomolecules,57 indicating the
probable quenching mechanism of BSA−compound interactions
was initiated by complex formation.
To confirm that quenching of BSA fluorescence by

compounds is due to static complex formation, the difference
absorption spectroscopy was employed. The UV−vis absorption
spectrum of BSA and the difference absorption spectrum
between BSA−compound complex and compound alone at the
same concentration could not be superposed (Figure 10),
demonstrating that BSA formed ground state complex with
compounds. BSA absorption spectra showed two peaks and
change in peak near 210 nm is due to change in conformation in

Figure 9. Fluorescence analysis of BSA−compound interaction. (a) Intrinsic fluorescence emission spectra of BSA (1.0 × 10−5 M) excited at 280 nm in
the presence of various concentrations (A−L represent 0, 1, 2, 3, 4, 9, 14, 19, 24, 29, 34, and 38 μM compound, respectively) of compound 8a, and M
represents emission spectra of 10 μM 8a alone excited at 280 nm. (b) Intrinsic fluorescence of BSA in the presence of various concentrations of
compound 8g (A−K represents 0, 1, 6, 11, 16, 21, 26, 31, 36, 47, and 57 μM compound respectively), and L represents emission fluorescence of 10 μM
8g alone). (c) Intrinsic fluorescence spectra of BSA in the presence of various concentrations of compound 9f (A−K represents 0, 1, 6, 11, 16, 21, 26, 31,
36, 41, and 46 μMof 9f, respectively), and L represents emission spectra of 10 μM 9f alone excited at 280 nm. (d) Stern−Volmer plots for quenching of
BSA by compounds. ( e) Modified Stern−Volmer plots for quenching of BSA by compounds . (f) Plots of log [(Fo − F)/F] versus log [Q].

Table 7. Binding Parameters and Site of Compound−BSA Interaction at pH 7.4a

Entry Ksv (L mol−1) Kq (L mol−1 s−1) Ra Ka (L mol−1) Rb N Rc

8a 10.0 × 104 10 × 1012 0.9983 7.9 × 104 0.9988 1.08 0.9980
8g 6.0 × 104 6.0 × 1012 0.9970 5.8 × 104 0.9992 1.05 0.9980
9f 7.0 × 104 7.0 × 1012 0.9962 4.6 × 104 0.9998 1.2 0.9946

aRa, Rb, and Rc are correlation coefficients for Stern−Volmer plots, modified Stern−Volmer plots, and plots of log analysis of fluorescence,
respectively.
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peptide backbone associated with helix coil transformation. The
change in microenvironment of tryptophan and tyrosine residues
is shown by change in 280 nm peak.58 Absorption spectra of BSA
(Figure 10) showed that ground state complex formation with
compounds is associated with alteration in the conformation of
BSA.

Binding Constant and Site. For static quenching of BSA
fluorescence data were analyzed by Modified Stern−Volmer59
equation:

Δ = +F F f K Q f/ {1/( [ ])} 1/o a a a

ΔF is the difference of fluorescence in the absence and presence
of compounds at concentration [Q], fa is the fraction of accessible
fluorescence, and Ka is the effective quenching constant for the
accessible fluorophores, which is similar to the binding constant
for the quencher−acceptor systems. The dependence of Fo/ΔF
on the reciprocal value of concentration [Q]−1 is linear, with the
slope equaling to the value of ( faKa)

−1. The modified Stern−
Volmer plots were demonstrated in Figure 9e.
In static quenching, the equilibrium between free and bound

molecules can be given by the equation:60

− = +F F F K n Qlog( )/ log log[ ]o A

KA and n are binding constant and number of binding sites,
respectively.
The double logarithm plot has been shown in Figure 9f, and

the calculated binding sites (n) are shown in Table 7. The results
showed that the values of the binding sites n were approximately
1, indicating the formation of ground state complex is due to
single high affinity binding site on protein.

Pharmacokinetics Studies. The pharmacokinetic studies
revealed that the animals tolerated the treatment as no
peculiarities in the animals’ behavior were observed. Calculations
of the pharmacokinetic data were based on the mean serum
concentrations and were performed by use of the compartmental
and noncompartmental approaches using WinNonlin (version
5.1) software. In a comparative pharmacokinetic study, both of
the compounds were rapidly absorbed withCmax between 1 and 2
after oral dose (Figure 11). A one-compartment openmodel best
described serum concentration−time data of 8a, with elimination
from central compartment and a large volume of distribution
(3.22 L/kg). Oral serum concentrations were significantly lower
than those observed by the intravenous administration as the
extent of absolute bioavailability of 8a following oral
administration was 5.75% (Table 8). The serum concentration
of 8a after intravenous administration decreased biexponentially
with the terminal half-life (t1/2β) of 0.28 h, but its elimination
from the central compartment was higher (t1/2k10, 0.84 h).

Table 6. In Vivo Evaluation of Compounds against L.
donovani/Hamster Model

entry % inhibition ± SD (dose − 50 mg/kg × 5 days, IP route)

5f 35.83 ± 10.66
8a 73.15 ± 12.69
8b 37.43 ± 08.59
8g 80.93 ± 10.50
8h 43.01 ± 10.30
8n 44.83 ± 12.26
9f 51.42 ± 15.67
9g 48.05 ± 13.60
10a 54.01 ± 10.65
Miltefosinea 98.1 ± 1.2
SSGb 86.89 ± 5.45

aMiltefosine (30 mg/kg × 5 days, oral). bSSG, sodium stibogluconate
(40 mg/kg × 5 days, IP) used as reference drugs; SD, standard
deviation; IP, intraperitoneal.

Figure 10. UV−vis absorption spectra of 1.0 × 10−5 M BSA in the
presence of compounds at the 1:1 concentration ratio.

Figure 11.Concentration−time profile of compounds 8a and 8g after oral and intravenous administration in male Sprague−Dawley rats. Bar represents
SEM.
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Following oral administration, 8g gave two Cmax and, therefore,
model-independent pharmacokinetic parameters were calcu-
lated. The AUC0−t and MRT were 2.2- and 2.8-fold higher and
clearance was 5-fold lower than those of 8a after a single oral dose
of 10 mg/kg in rats (Table 8). However, a three-compartmental
open model fitted the raw data of 8g better after intravenous
administration than a two-compartmental model based on the
observed fit, the residual sum of squared error, the correlation,
and the Akaike’s Information Criterion.61 Using an open three-
compartment model, the terminal half-life (t1/2γ) of 8g was 12.79
h. The AUC0−t was 4-fold higher whereas the serum clearance
was 5-fold lower than that of 8a, although 8a showed
comparatively higher bioavailability but the extent of absorption
(AUC0−t), indicating systemic availability and elimination half-
life were lower than that of 8g. However, the systemic clearances
of both the compounds were smaller than the hepatic blood flow
of the rat (2.9 L/h/kg),62 suggesting an insignificant amount of
extrahepatic elimination.

■ CONCLUSION

Four novel series of quinazolinone hybrids bearing interesting
bioactive scaffolds (pyrimidine, triazine, tetrazole, and peptide)
were synthesized. A number of such compounds exhibited better
potency against the intracellular amastigote of L. donovani than
the standard drugs and were not found to be cytotoxic. The SAR
analysis revealed that among the synthesized quinazolinone
hybrids, quinazolinone−pyrimidine, triazine, and ferrocene-
containing quinazolinone−peptide displayed potent antileish-
manial activity. Compounds 8a, 8g, and 9f showed very
consistent and promising leishmanicidal activity against intra-
cellular amastigotes and in vivo efficacy in the golden hamster
model and displayed no toxicity for macrophages and Vero cells.
Furthermore, our data suggest that interaction of most potent
compounds 8a, 8g, and 9f with blood proteins showed static and
dynamic quenching of intrinsic fluorescence. The data obtained
for albumin interaction and pharmacokinetic studies provide
information about mode of transport in blood, absorption,
distribution, and bioavailability of quinazolinone derivatives.
Therefore, these analogues are good candidates for a lead
optimization for identifying new analogues to curb the
unnecessary loss of life globally.

■ EXPERIMENTAL SECTION
General. All reagents were commercial and were used without

further purification. Chromatography was carried on silica gel (60−120
and 100−200 mesh). All reactions were monitored by thin-layer
chromatography (TLC), and silica gel plates with fluorescence F254
were used. Melting points were taken in open capillaries on a Complab
melting point apparatus and are presented uncorrected. Infrared spectra
were recorded on a Perkin-Elmer AC-1 spectrometer. 1H NMR and 13C
NMR spectra were recorded using a BrukerSupercon Magnet DRX-300
spectrometer (operating at 300 MHz for 1H and 50 and 75 MHz for
13C) using CDCl3 as solvent and tetramethylsilane (TMS) as internal
standard. Chemical shifts are reported in parts per million. Multiplicities
are reported as follows: singlet (s), doublet (d), triplet (t), multiplet
(m), and broad singlet (brs). Some signals for NH proton are not
present in the few 1H NMR data. Electrospray ionization mass spectra
(ESIMS) were recorded on Thermo Lcq Advantage Max-IT. High
resolution mass spectra (HRMS) were recorded on 6520 Agilent Q
TOF LC MS/MS (accurate mass). Purity of final compounds was
determined by analytical HPLC, which was carried out on a Waters
HPLC system (model pump, 515; detector, PDA-2998). HPLC analysis
conditions: Waters Sunfire C18 (5.0 μM), 4.6 mm × 250 mm column,
flow rate 0.5mL/min, UV detection at 254 nm. All biologically evaluated
compounds are >95% pure.

Representative Procedure for the Synthesis of 2-(4-(3-Oxo-3-
phenylprop-1-enyl)phenyl)-2,3-dihydroquinazolin-4(1H)-one
(4a). To a stirred solution of 3 (500 mg, 1.98 mmol) and acetophenone
(0.23 mL, 1.92 mmol) in ethanol (5 mL) was added KOH as a catalyst.
The whole reaction mixture was stirred for 5 h at rt. The obtained
precipitate was filtered and washed with water and recrystallized with
ethanol to obtain 4a as a cream solid (550 mg, yield 78%). 1H NMR
(300 MHz, DMSO-d6) δ 8.43 (brs, 1H), 8.21 (d, J = 7.26 Hz, 2H), 7.97
(d, J = 7.26 Hz, 3H), 7.76 (s, 1H), 7.73−7.61 (m, 1H), 7.65 (t, J = 7.77
Hz, 4H), 7.33−7.28 (m, 1H), 7.25 (s, 1H), 7.18 (s, 1H), 6.83 (d, J = 8.07
Hz, 1H), 6.76 (t, J = 7.53 Hz, 1H) 5.86 (s, 1H). IR (KBr): 3436, 2943,
1634, 1425, 1216 cm−1. ESI-MS C23H18N2O2 (m/z): 355.0 (M

+ + H).
Synthesis of Other Quinazolinone−Chalcone Hybrid 4b−i.

The above procedure was followed for 4b−i.
2-(4-(3-(3,4,5-Trimethoxyphenyl)acryloyl)phenyl)-2,3-dihydroqui-

nazolin-4(1H)-one (4b). Light-yellow solids (yield 72%). 1H NMR
(300 MHz, DMSO-d6) δ 8.38 (brs, 1H), 7.87 (d, J = 7.87 Hz, 2H), 7.69
(s, 1H), 7.69−7.51 (m, 4H), 7.27−7.19 (m, 2H), 7.09 (d, J = 8.38 Hz,
1H), 6.70 (d, J = 8.12 Hz, 1H), 6.65 (t, J = 7.39 Hz, 1H), 5.80 (s, 1H),
3.87(s, 6H), 3.71 (s, 3H). IR (KBr): 3439, 2926, 1652, 1427, 1218, 780
cm−1. ESI-MS C26H24N2O5 (m/z): 445 (M

+ + H).
2-(4-(2,3-Dimethoxystyryl)phenyl)-2,3-dihydroquinazolin-4(1H)-

one (4c). Light-yellow solids (yield 75%). 1H NMR (300MHz, DMSO-
d6) δ 8.41 (brs, 1H), 7.92 (d, J = 7.92 Hz, 2H), 7.72 (s, 1H), 7.63−7.54
(m, 5H), 7.32−7.22 (m, 2H), 7.12 (d, J = 8.40 Hz, 1H), 6.78 (d, J = 8.04
Hz, 1H), 6.71 (t, J = 7.41 Hz, 1H), 5.80 (s, 1H), 3.87(s, 6H). IR (KBr):

Table 8. Pharmacokinetic Parameters of Compounds (8a and 8g) after Oral and Intravenous Dose inMale Sprague−Dawley Ratsa

8a 8g

parameters oral intravenous oral intravenous

Cmax (ng/mL) 1 107.83 ± 1.39 1829.48 ± 172.93 44.72 ± 1.87 63276.38 ± 3152.55
2 81.66 ± 4.22

tmax (h) 1 2 0.08 1 0.08
2 6

AUC0−t (ng h/mL) 327 2843 716 24341
t1/2 (h) 1.26 0.84 12.79
MRT (h) 3.01 3.07 8.44 5.88
Vss (L/kg) 5.39 5.44 1.95
clearance (L/h/kg) 1.79 1.77 0.36 0.33
bioavailability (%) 5.75 2.94

aValues of Cmax are mean ± SEM, and the value represents the average of three rats post dose. AUC0−t: area under the serum concentration−time
curve up to last sampling time. Cmax: serum peak concentration. MRT: mean residence time. tmax: time to Cmax. t1/2: elimination half-life. Vss: volume

of distribution at steady-state.
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3424, 2928, 1648, 1418, 1219, 785 cm−1. ESI-MS C24H22N2O3 (m/z):
387 (M+ + H).
2-(4-(4-Methoxystyryl)phenyl)-2,3-dihydroquinazolin-4(1H)-one

(4d). Cream solid (yield 72%). 1H NMR (300 MHz, DMSO-d6) δ 8.34
(brs, 1H), 8.17 (d, J = 8.64 Hz, 2H), 7.96−7.87 (m, 3H), 7.72−7.54 (m,
4H), 7.28 (t, J = 7.80 Hz, 1H), 7.17 (s, 1H), 7.10 (d, J = 8.64 Hz, 2H),
6.78 (d, J = 8.13 Hz, 1H), 6.71 (t, J = 7.35 Hz, 1H), 5.80(s, 1H), 3.87(s,
3H). IR (KBr): 3426, 2923, 1620, 1416, 1218, 770 cm−1. ESI-MS
C23H20N2O2 (m/z): 357 (M

+ + H).
2-(4-(4-Fluorostyryl)phenyl)-2,3-dihydroquinazolin-4(1H)-one

(4e). Cream solid (yield 72%). 1H NMR (300 MHz, DMSO-d6) δ 8.07
(brs, 1H), 7.99 (s, 1H), 7.89 (s, 2H), 7.66−7.56 (m, 8H), 7.16 (s, 2H),
6.75−6.63 (m, 2H), 5.76(s, 1H). IR (KBr): 3435, 2927, 1634, 1423,
1218, 772 cm−1. ESI-MS C22H17FN2O (m/z): 345 (M+ + H).
2-(4-(4-Chlorostyryl)phenyl)-2,3-dihydroquinazolin-4(1H)-one

(4f). Light-yellow solid (yield 70%). 1H NMR (300 MHz, DMSO-d6) δ
8.35 (brs, 1H), 8.18 (d, J = 8.37 Hz, 2H), 7.92−7.89 (m, 3H), 7.77 (s,
1H), 7.65 (t, J = 8.10 Hz, 3H), 7.58 (d, J = 7.89 Hz, 2H), 7.28 (t, J = 7.05
Hz, 1H), 7.18 (s, 1H), 6.78 (d, J = 7.95 Hz, 1H), 6.71 (d, J = 7.41 Hz,
1H), 5.81(s, 1H). IR (KBr): 3436, 2943, 1634, 1425, 1216, 779 cm−1.
ESI-MS C22H17ClN2O (m/z): 361 (M+ + H).
2-(4-(4-Bromostyryl) phenyl)-2, 3-dihydroquinazolin-4(1H)-one

(4g). Cream solid (yield 69%). 1H NMR (300 MHz, DMSO-d6) δ
8.36 (brs, 1H), 8.16 (d, J = 8.07 Hz, 2H), 7.94−7.83 (m, 2H), 7.76 (s,
1H), 7.68 (t, J = 8.10 Hz, 3H), 7.59 (d, J = 7.90 Hz, 2H), 7.25 (t, J = 7.15
Hz, 1H), 7.17 (s, 1H), 6.74 (d, J = 7.92 Hz, 1H), 6.70 (d, J = 7.31 Hz,
1H) 5.83 (s, 1H). IR (KBr): 3436, 2926, 1649, 1411, 1219, 680 cm−1.
ESI-MS C22H17BrN2O (m/z): 405 (M+ + H).
2-(4-(3-(2-Chlorophenyl)acryloyl)phenyl)-2,3-dihydroquinazolin-

4(1H)-one (4h). Yellow solid (yield 70%). 1HNMR (300MHz, DMSO-
d6) δ 8.42 (brs, 1H), 7.85 (d, J = 8.19 Hz, 2H), 7.67−7.57 (m, 7H), 7.43
(s, 1H), 7.36 (s, 1H), 7.31−7.27 (m, 1H), 7.24 (s, 1H), 6.82 (d, J = 8.04
Hz, 1H), 6.75 (t, J = 7.53 Hz, 1H), 5.84 (s, 1H). IR (KBr): 3436, 2943,
1634, 1425, 1216, 776 cm−1. ESI-MS C22H17ClN2O (m/z): 361 (M+ +
H).
2-(4-(4-(4-Methylpiperazin-1-yl)styryl)phenyl)-2,3-dihydroquina-

zolin-4(1H)-one (4i). Yellow solid (yield 70%). 1H NMR (300 MHz,
DMSO-d6) δ 8.34 (brs, 1H), 8.05 (d, J = 8.64Hz, 2H), 7.93 (s, 1H), 7.88
(d, J = 7.2 Hz, 2H), 7.71−7.61 (m, 2H), 7.56 (d, J = 8.04 Hz, 2H), 7.28
(t, J = 7.62 Hz, 1H), 7.16 (s, 1H), 7.03 (d, J = 8.67 Hz, 2H), 6.78 (d, J =
7.95Hz, 1H), 6.71 (t, J = 7.47Hz, 1H), 5.79 (s, 1H), 3.33 (brs, 4H), 2.44
(brs, 4H), 2.23 (s, 3H). IR (KBr): 3406, 2932, 1650, 1417, 1220, 770
cm−1. ESI-MS C27H28N4O (m/z): 425 (M+ + H).
Representative Procedure for the Synthesis of 2-(4-(2-

Amino-6-phenylpyrimidin-4-yl)phenyl)-2,3-dihydroquinazo-
lin-4(1H)-one (5a). To a stirred solution of NaH (108 mg, 4.5 mmol)
and guanidine hydrochloride (214 mg, 2.25 mmol) in DMF (3 mL) was
added gradually 4a (400 mg, 1.12 mmol), and the reaction mixture was
stirred for 10 min at rt and then heated at 60 °C for 5 h. After the
completion of reaction, the reaction mixture was poured into water and
the obtained precipitate was filtered and purified by column
chromatography (eluting with 2% methanol in chloroform) to afford
the quinazolinone-pyrimidine 5a as light-yellow solid (310 mg, yield
70%); mp 175−177 °C. HPLC-DAD: tr = 6.5 min (% area = 97.2%). 1H
NMR (300 MHz, DMSO-d6) δ 8.38 (brs, 1H), 8.25−8.23 (m, 4H),
7.72−7.63 (m, 4H), 7.52 (s, 3H), 7.29 (t, J = 7.02 Hz, 1H), 7.20 (s, 1H),
6.79−6.76 (m, 3H), 6.72 (t, J = 7.47 Hz, 1H), 5.85(s, 1H). 13CNMR (75
MHz, DMSO-d6) δ 165.39, 164.85, 164.47, 164.05, 148.28, 144.25,
137.96, 133.83, 130.94, 129.08, 127.84, 117.71, 115.48, 114.94, 102.37,
66.72. IR (KBr): 3411, 3019, 1654, 1569, 1451, 1218, 1063 cm−1. ESI-
MS C24H19N5O (m/z): 394 (M+ + H). HRMS: calcd, 394.1662 (MH+);
found, 394.1666 (MH+).
Representative Procedure for the Synthesis of 2-(4-Amino-

phenyl)-2-methyl-2,3-dihydroquinazolin-4(1H)-one (7). To a
stirred solution of anthralinamide (1.0 g, 7.39 mmol) and 4-
aminoacetophenone (1.0 g, 7.35 mmol) in methanol (10 mL) were
added acidic silica as a catalyst. The reaction mixture was heated at 60 °C
for 3h, and the conversion was monitored by TLC. The reaction mixture
was evaporated and formed residue was mixed with water and
chloroform and purified by crystallization with acetonitrile to afford 7
as a cream solid (1.6 g, yield 85%). 1H NMR (300 MHz, DMSO-d6) δ

8.51 (brs, 1H), 7.49 (d, J = 7.62 Hz, 1H), 7.37 (brs, 1H), 7.20−7.10 (m,
3H), 6.72 (d, J = 8.07 Hz, 1H), 6.58 (t, J = 7.35 Hz, 1H), 6.44 (d, J = 8.04
Hz, 2H), 4.95 (brs, 2H). IR (KBr): 3423, 3314, 2932, 1624, 1410, 1224
cm−1. ESI-MS C15H15N3O (m/z): 254.0 (M+ + H).

Representative Procedure for the Synthesis of 2-(4-(4,6-
Di(piperidin-1-yl)-1,3,5-triazin-2-ylamino)phenyl)-2-methyl-
2,3-dihydroquinazolin-4(1H)-one (8a). The solution of compound
7 (500 mg, 1.98 mmol) in dry THF was added dropwise to an ice-cold
mixture of cyanuric chloride (401 mg, 2.17 mmol) in dry THF. The
reaction mixture was stirred at room temperature for 1 h, and then the
solvent was removed in vacuo and formed crude product was mixed with
K2CO3 (550 mg, 3.95 mmol) and piperidine (0.39 mL, 4.58 mmol) in
dry DMF. The whole reaction mixture was heated at 70 °C until
completion of reaction. On completion of the reaction (checked by TLC
analysis), the reaction mixture was poured into ice−water, and obtained
precipitate was filtered. The crude product was subjected to silica gel
column chromatography using chloroform/methanol as mobile phase
(9:1) to afford the desired compound 8a as white solid (700 mg, yield
71%); mp 160−162 °C. HPLC-DAD: tr = 9.6 min (% area = 97.3%). 1H
NMR (300 MHz, CDCl3 + DMSO-d6) δ 7.72 (brs, 1H), 7.56−7.50 (m,
2H), 7.35 (s, 2H), 7.10 (s, 1H), 6.66 (d, J = 5.4 Hz, 1H), 6.53 (s, 2H),
3.63 (brs, 8H), 1.69 (s, 3H), 1.55−1.46 (m, 12H). 13C NMR (50 MHz,
CDCl3 + DMSO-d6) δ 169.51, 152.35, 145.02, 144.74, 138.26, 132.37,
130.43, 123.58, 121.83, 120.05, 119.47, 75.16, 48.84, 35.62, 35.76, 30.60,
29.65. IR (KBr): 3423, 2934, 2849, 1639, 1574, 1494, 1443, 1370, 1237,
1026 cm−1. ESI-MS C28H34N8O (m/z): 499 (M+ + H). HRMS: calcd,
499.2928 (MH+); found, 499.2929 (MH+).

Representative Procedure for the Synthesis of N-(2-(tert-
Butylamino)-1-(4 isopropylphenyl)-2-oxoethyl)-3-chloro-N-(4-
(2-methyl-4-oxo-1,2,3,4 tetrahydroquinazolin-2 yl)phenyl)-
benzamide (9a). To a stirred solution of 7 (300 mg, 1.18 mmol) in
methanol, m-chlorobenzoic acid (218 mg, 1.18 mmol), isopropyl
benzaldehyde (0.17 mL, 1.37 mmol), and tert-butyl isocyanide (0.13
mL, 1.61 mmol) was successively added, and the reaction mixture was
stirred at rt for 6 h. After completion of reaction (checked by TLC
analysis), the methanol was removed and the residue was purified by
silica gel column chromatography (eluting with 2% methanol in
chloroform) to afford the target product 9a as white solid (450 mg, yield
61%); mp162−164 °C. HPLC-DAD: tr = 7.6 min (% area = 97.3%). 1H
NMR (300MHz, DMSO-d6) δ 8.53 (brs, 1H), 7.69 (d, J = 4.1, 1H), 7.42
(d, J = 7.5 Hz, 1H), 7.36 (s, 1H), 7.18−7.13 (m, 2H), 7.09−7.03 (m,
4H), 6.93 (t, J = 7.7 Hz, 5H), 6.67−6.64 (m, 1H), 6.58 (t, J = 6.9 Hz,
1H), 6.09 (s, 1H), 2.73−2.64 (m, 1H), 1.42 (s, 3H), 1.18 (s, 9H), 1.08
(d, J = 5.2 Hz, 6H). IR (KBr): 3418, 3325, 2967, 1654, 1563, 1490, 1377,
1218, 767 cm−1. ESI-MS C37H39ClN4O3 (m/z): 623.0 (M+ + H).
HRMS: calcd, 623.2783 (MH+); found, 623.2783 (MH+); [M + H]+.

Representative Procedure for the Synthesis of 2-(4-((1-tert-
Butyl-1H-tetrazol-5-yl)(4-isopropylphenyl)methylamino)-
phenyl)-2-methyl-2,3-dihydroquinazolin-4(1H)-one (10a). Sol-
ution of 7 (300 mg, 1.18 mmol), isopropylbenzaldehyde (1.0 equiv, 1.65
mmol), and tert-butyl isocyanide (0.13 mL, 1.61 mmol) was stirred in
anhydrous methanol (5 mL) at rt for 10 min. Thereafter, trimethylsilyl
azide (0.23 mL, 2.03 mmol) was added and the resulting mixture was
further stirred for 7 h. On completion of the reaction (checked by TLC
analysis), themethanol was removed in vacuo and the crude product was
purified by chromatography on silica gel (eluting with 2% methanol in
chloroform) to afford the target product 10a as white solid (390 mg,
yield 71%); mp 145−147 °C. HPLC-DAD: tr = 8.6 min (% area =
97.9%). 1HNMR (300MHz, CDCl3) δ 7.88 (d, J = 7.29 Hz, 1H), 7.35−
722 (m, 8H), 6.83 (t, J = 7.17 Hz, 1H), 6.66−6.60 (m, 2H), 6.31 (d, J =
7.29 Hz, 1H), 6.09 (s, 1H), 4.56 (bs, 1H), 2.91−2.87 (m, 1H), 1.82 (s,
3H), 1.68 (s, 9H), 1.24 (d, J = 6.81, 6H). 13C NMR (50 MHz, CDCl3) δ
162.4, 155.2, 149.56, 145.84, 135.10, 133.95, 128.34, 127.76, 126.77,
118.69, 114.72, 113.59, 70.72, 61.80, 54.06, 33.74, 30.07, 29.68, 23.82.
IR (KBr): 3425, 3321, 2935, 1613, 1517, 1380, 1219, 772 cm−1. ESI-MS
C30H35N7O (m/z): 510.0 (M+ + H). HRMS: calcd, 510.2976 (MH+);
found, 510.2976 (MH+).

Representative Procedure for the Synthesis of 2-(4-
((Benzylamino)(1-tert-Butyl-1H-tetrazol-5-yl)methyl)phenyl)-
2,3-dihydroquinazolin-4(1H)-one (11a). A solution of compound 3
(300 mg, 1.19 mmol), benzylamine (0.13 mL equiv, 1.19 mmol), and
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tert-butyl isocyanide (0.13 mL, 1.61 mmol) was stirred in anhydrous
methanol (5 mL) at rt for 10 min. Thereafter, trimethylsilyl azide (0.23
mL, 2.03 mmol) was added and the resulting mixture was further stirred
for 6 h. On completion of the reaction (checked by TLC analysis), the
methanol was removed in vacuo. The crude product was subjected to
silica gel column chromatography using chloroform/methanol as
mobile phase to afford the desired compound 11a as white solid (410
mg, yield 74%); mp 120−122 °C. HPLC-DAD: tr = 8.3 min (% area =
98.1%). 1H NMR (300 MHz, CDCl3) δ 7.85 (d, J = 6.78 Hz, 1H), 7.50
(d, J = 6.51 Hz, 2H), 7.29−7.19 (m, 8H), 6.84 (t, J = 7.44 Hz, 1H),
6.61(d, J = 7.98Hz, 1H), 5.88 (s, 1H), 5.81 (s, 1H), 5.21 (s, 1H), 4.38 (s,
1H), 3.78−3.73 (m, 1H), 3.64−3.60 (m, 1H), 1.45 (s, 9H). 13C NMR
(50 MHz, CDCl3) δ 164.86, 155.22, 147.22, 140.37, 139.26, 138.65,
134.05, 128.74, 127.90, 127.4, 119.39, 115.45, 114.74, 68.23, 61.46,
56.64, 51.31, 29.92. IR (KBr): 3426, 3319, 2925, 1642, 1525, 1432, 1272,
771 cm−1. ESI-MS C27H29N7O (m/z): 468.0 (M+ + H). HRMS: calcd,
468.2506 (MH+); found, 468.2518 (MH+).
Experimental Section for Biology. Promastigote Viability Assay.

The in vitro effects of the compounds on the growth of extracellular
promastigotes were assessed as described previously.42a The late log
phase of L. donovani promastigotes (MHOM/IN/60/Dd8; originally
obtained from Imperial college, London) transfected with the firefly
luciferase gene62,63 was seeded with complete M-199 medium at 5 ×
104/100 μL/well in 96-well plates and incubated with tested compounds
for 96 h. Miltefosine and SSG were used as reference controls. After
incubation, an aliquot (50 μL) of promastigote suspension was aspirated
from each well of a 96-well plate and mixed with an equal volume of
Steady Glo reagent (Promega) and luminescence was measured by a
luminometer. The values were expressed as relative luminescence unit
(RLU). The inhibition of parasitic growth is determined by comparison
of the luciferase activity of compound treated parasites with that of
untreated controls.
In Vitro Antiamastigote Assay. For assessing the activity of

compounds against the amastigote stage of the parasite, murine
macrophage cell line (J-774A.1) infected with promastigotes expressing
luciferase firefly reporter gene was used. Cells were seeded in a 96-well
plate (4 × 104/100 μL/well) in RPMI-1640 containing 10% fetal calf
serum and the plates were incubated at 37 °C in a CO2 incubator. After
24 h, the medium was replaced with fresh medium containing stationary
phase promastigotes (4 × 105/100 μL/well) at the ratio of 1:10
(cell:promastigote). Promastigotes were phagocytized by the macro-
phages, and inside the phagolysosomes, they were transformed into
amastigotes (nonmotile form). Each well of the plate was washed with
plain RPMI medium after 24 h of incubation to remove the
uninternalized promastigotes. The test compounds were added at 2-
fold dilutions up to 7 points in complete medium starting from 40 μM
concentration, and the plates were incubated at 37 °C in a CO2
incubator for 72 h. After incubation, the drug containing medium was
aspirated and 50 μL of PBS was added in each well and mixed with an
equal volume of Steady Glo reagent. After gentle shaking for 1−2 min,
the reading was taken in a luminometer.51 The values are expressed as
relative luminescence units (RLU). Data were transformed into a
graphic program (Excel). IC50 of antileishmanial activity was calculated
by nonlinear regression analysis of the concentration response curve
using the four parameter Hill equations.
Cytotoxicity Assay. The cell viability was determined using the MTT

assay.52 As described previously, macrophage cells (J-774A.1 cell line)
and mammalian kidney fibroblast cells, (Vero cell line) (1 × 105cells/
100 μL/well) were incubated with test compounds at seven
concentrations starting from 400 μM. After 72 h of incubation, 25 μL
ofMTT reagent (5 mg/mL) in PBSmediumwas added to each well and
incubated at 37 °C for 2 h. At the end of the incubation period, the
supernatant were removed and 150 μL of pure DMSO was added to
each well. After 15 min of shaking, the readings were recorded as
absorbance at 544 nm on a microplate reader. The 50% cytotoxic
concentration (CC50) values were estimated as described by Huber &
Koella.64 The selectivity index (SI) for each compound was calculated as
the ratio between cytotoxicity (CC50) and activity (IC50) against
Leishmania amastigotes.

In Vivo Assay in L. donovani/Hamster Model. The in vivo
antileishmanial activity was determined in golden hamsters (Mesocricetus
auratus) infected with MHOM/IN/80/Dd8 strain of L. donovani. The
method as described by Gupta et al.54 was used for in vivo evaluation.
Golden hamsters (inbred strain) of either sex weighing 40−45 g were
infected intracardiacally with 1 × 107 amastigotes per animal. After
establishment of infection in 15−20 days, pretreatment spleen biopsy in
all the animals was carried out to assess the degree of infection. The
animals with +1 grade infection (5−10 amastigotes/100 spleen cell
nuclei) were included in the chemotherapeutic trials. Five to six infected
animals were randomized into several groups used for each test sample.
Drug treatment (50 mg/kg) by intraperitoneal (IP) route was initiated
after 2 days pretreatment of biopsy and continued for 5 consecutive
days. Miltefosine and SSG were used as reference drugs. Post-treatment
biopsies were done on day 7 of the last dose administration, and
amastigote counts were assessed by Giemsa staining. Intensity of
infection in both treated and untreated animals, and also the initial count
in treated animals, was compared and the efficacy was expressed in terms
of percentage inhibition (PI) using the following formula:

= − × ×PI 100 [(ANAT 100)/(INAT TIUC)]

Where PI is the percent inhibition of amastigotes multiplication, ANAT
is the actual number of amastigotes in treated animals, INAT is the initial
number of amastigotes in treated animals, and TIUC is time increase of
parasites in untreated control animals.

Cytokines Assessment by ELISA.The level of various cytokines in
the murine macrophages were measured using an OptEIA set ELISA kit
(BD Biosciences, California, USA) according to manufacturer’s
instructions. Briefly, 1 × 106 murine macrophages (J-774A.1) infected
with Leishmania amastigote (1:10 ratio) were incubated with tested
compounds at IC50 concentration in 6-well plates. Supernatants were
collected after 24 h for cytokines (IL-12, TNF-α, IL-10, and TGF-β)
determination. The absorbance of the test samples was measured at 450
nm in an ELISA reader.

Nitric Oxide Production Assay. NO was quantified by the
accumulation of nitrite in macrophage culture supernatant, and nitrite
was detected by the Griess reaction as described by Kar et al.65 Briefly,
leishmania infected macrophage cells (1 × 106/mL) were incubated
with tested compounds for 24 h before nitrite assay. LPS (10 μg/mL)
was used as a mitogen. Supernatant (500 μL) were collected after 24 h,
mixed with an equal volume of Griess reagent (Sigma, USA) and left for
10 min at room temperature. The absorbance of the test samples was
measured at 540 nm in an ELISA reader.

Statistical Analysis.Results were expressed asmean± SD from two
independent experiments. The results were analyzed by one-way
ANOVA followed by student’s t test using GraphPad Prism (version
5.0) software.
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