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Abstract

Using a classical hybridization approach, a seriés 1H-benzofllimidazoles and 3,4-
dihydroquinazolin-4-ones were synthesized (39 exes)pand evaluated as inhibitors of
Mycobacterium tuber culosis growth. Chemical modification studies yielded ptentitubercular
agents with minimum inhibitory concentration (MI@galues as low as 0.24 uM agairdt
tuberculosis H37Rv strain. Further, the synthesized compouneevactive against four drug-
resistant strains containing different levels dfiseance for the first line drugs. These molecules
were devoid of apparent toxicity to HepG2, HaCat] &ero cells with 1Gys >30 uM. Viability

in mammalian cell cultures was evaluated using Mih@ neutral red assays. In addition, some
3,4-dihydroquinazolin-4-ones showed low risk ofditac toxicity, no signals of neurotoxicity or
morphological alteration in zebrafisb#nio rerio) toxicity models. 3,4-Dihydroquinazolin-4-
ones9q and 9w were considered the lead compounds of these safrie®lecules with MIC
values of 0.24 uM and 0.94 uM against tuberculosis H37Rv, respectively. Taken together,
these data indicate that this class of compoundsfaraish candidates for future development

of novel anti-TB drugs.

Keywords:Mycobacterium tuberculosis, tuberculosis, molecular hybridization, drug-resn

strains, SAR, cardiotoxicity.
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1. Introduction

Human tuberculosis (TB) is an infectious diseaseised mainly byMycobacterium
tuberculosis (Mtb), and has been responsible for the deatlisafsands of people annually [1].
Only in 2015, 9.6 million new cases of the diseasé 1.8 million deaths were reported by the
World Health Organization (WHO) worldwide [2]. Themergence of multidrug-resistant TB
(MDR-TB) and extensively drug-resistant TB (XDR-TBJIV coinfection, and the elevated
number of individuals infected with latent or domh&acilli have contributed to complicate this
scenario [1, 2]. The recommended treatment incliesmonths of isoniazid (INH), rifampicin
(RIF), ethambutol (ETH) and pyrazinamide (PZA),|deled by four more months of INH and
RIF [3, 4]. Although it has a cure rate of up t&83he regime suffers with increasing number of
cases of individuals infected with drug-resistanaias [3]. In these cases, the treatment can to
be extended and requires the use of second-lingsdhat are, in general, more expensive and
toxic [5]. Furthermore, the low levels of compli@nwwith treatment, adverse effects, toxicity and
impossibility of co-administration with some antneviral drugs have limited the use of this
therapeutic strategy [6].

Within this context, there is an urgent need toambtnew therapeutic alternatives for
tuberculosis treatment; if possible, with innovatimechanisms of action capable of overcoming
the drug resistance concern. Although the appravahew drugs such as bedaquiline and
delamanid [7for treatment of drug-resistant TB has brought sbope, the adaptive capacity of
Mtb has already led to the emergence of resistaains for these drugs, evidencing the

continued need for new optiof&.
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As part of our ongoing research we have studiedttienycobacterial activity of 2-quinolin-
4-yloxy)acetamideg (Figure 1) and their derivatives, with some encouragimgitro resultg[9,
10]. The compounds have been active against resiatal non-resistant Mtb strains and have
exhibited selective inhibition of bacillus growtm addition, lead moleculé (R = 4-propyl;
Figure 1) showed good membrane permeability, reasonableilistain intrinsic clearance
analysis, and synergistim vitro effect with first line drug rifampin [10]. Recewtl the
menaquinol cytochrome c¢ oxidoreductase (bcl comples proposed as a molecular target of
this chemical class by using whole-genome sequgrjéit], corroborating other findings already
described in the literature [13}.is important to note that although endowed veignificantin
vitro results, initial data have indicated that 2-qumdl-yloxy)acetamides present low
bioavailability when orally administered to micenfublished results). This fact has prompt us to
evaluate new derivative structures with possibteviig against Mtb. In this sense, SAR studies
have shown that acetamide moiety attached to thmoljue nuclei is part of the molecules’
pharmacophore, which is prone to be used in makeduibridization-based approach&syre
1). In line with this purpose,H-benzofllimidazole and 3,4-dihydroquinazolin-4-one weredise
as molecular scaffolds to evaluate the possibditpbtaining new anti-TB drug candidates by
hybridization between the titled heterocycles ancktamide group Higure 1).  1H-
Benzof]imidazole and 3,4-dihydroquinazolin-4-one haverbebtained as part of the structure
of compounds endowed with selective anti-TB acgtiv@ur hypothesis was that the presence of
acetamide group attached to these heterocyclesl gyalvide novel compounds of optimized
activity. Lansoprazole sulfat@)( (Figure 1), the active metabolite from the drug lanzoprazole
have exhibited significant activity against intriigkar and in-broth cultures of Mtb with Iggof

0.59 uM and 0.46 pM, respectively [13]. Interedimgvhole-genome sequencing of resistant
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strains to LPZS revealed a unique nucleotide martat the b subunit of hacytochrome [13].
3,4-Dihydroquinazolin-4-one8 have also been describediasvitro inhibitors of Mtb growth
with Minimal Inhibitory Concentration (MIC) as loas 4.76 pMFEigure 1). These compounds
were described to inhibit tHdycobacterium tuberculosis enoyl acyl carrier protein reductase, a
validated molecular target for TB drug developniédi.

Therefore, in an attempt to obtain new compoundhk agtivity against drug-susceptible and
drug-resistant Mtb strains, new series of hybridiz&H-benzoflimidazoles and 3,4-
dihydroquinazolin-4-ones were synthesized and assagainsiM. tuberculosis H37Rv. First,
the basic structural requirements for potency ghpounds (SAR) were evaluated. Thereafter,
the most active structures agailkttuberculosis H37Rv were tested against a panel of clinically
isolated drug-resistant strains, and the viabdityHepG2, HaCat, and Vero cells after exposure
to the compounds was determined. Finally, cardiottyx neurotoxicity and possible

morphological alterations by exposure to the complsuwsing zebrafistD@nio rerio) models

were also evaluated.

R1E
)\Rzo \© R

= Alkyl, aryl
R'=H, Cl
R?=H, Me
Figure 1. Molecular hybridization
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using acetamide moietiesonir 2-(quinolin-4-

yloxy)acetamides withH-benzofljimidazole and 3,4-dihydroquinazolin-4-one scaffold
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2. Results and Discussion

The synthesis of the designed compounds was pegtbrim two synthetic steps. First,
bromoacetamideS and8 were obtained in an acylation reaction betweemany or secondary
amines and bromoacetyl chloride according to ajre@agorted protocols [9, 10]. It is important
to mention that the substituents were chosen basedhe best antimycobacterial results
presented by the 2-(quinolin-4-yloxy)acetamideg)uding published [9, 10] and unpublished
data. The second step was accomplished throughcendg®rder nucleophilic substitution
reaction ({2). The H-benzofljimidazoles 6a-m were obtained from reaction of 2-
mercaptobenzoimidazold)(and bromoacetamidés—m using potassium carbonate,(0s) as
base, according to a previously described methbH The reactants were stirred for 4 h at 40 °C
leading to products with 62-98% yieldScheme 1. On the other hand, the synthesis of 3,4-
dihydroquinazolin-4-oneSa—z was accomplished by reaction of 2-mercaptoquirnazt{BH)-
one {7) and bromoacetamidésand8 in the presence of diisopropylethylamine (DIPEA)ng
dimethylformamide (DMF) as solvent. The reactiorxtumies were stirred for 16 h at 0-25 °C to
afford the desired product9a-z with 35-89% yields $cheme 2 Spectroscopic and
spectrometric data were obtained in agreement Wit proposed structures (Supporting

Information).
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R1
N R’ ‘N-R?
@E DTSH L o i NG
N R? Br
H @A 62-98% N\>_S R
H
4 5a-m 6a-m
Comp. 5,6 R* R? Yield (%)
a 2-MeO-GH4 H 83
b 4-pentyl-GH4 H 96
c 4-heptyl-GH4 H 88
d 2-naphthyl H 88
e m H 92
f cyclohexyl H 96
g 2-methylcyclohexyl H 98
h 3-methylcyclohexyl H 89
i 4-methylcyclohexyl H 78
j trans-4-methylcyclohexyl H 76
k Bn H 73
| %AO H 65
m Eb H 62

Scheme 1Reagents and conditionss K,COs, CH;CN, 40 °C, 4 h.
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142 7 5,8 9a-z
Comp. 5,8,9 R R? Yield (%)
a Ph H 86
b 4-MeO-GsHa4 H 81
c 4-Me-GsH, H 69
d 4-F-CGsH4 H 68
e 4-Cl-CgH4 H 81
f 4-Br-CgH4 H 89
g 4-1-CgH4 H 86
h 4-O;N-CgH4 H 50
[ 4-propyl-GeH,4 H 75
j 4-pentyl-GH4 H 88
k 2-naphthyl H 81
S,
| O@ H 37
P
m \CQ H 80
n cyclohexyl H 65
o} cyclohexyl Me 52
p 2-methylcyclohexyl H 55
q 3-methylcyclohexyl H 35
r 4-methylcyclohexyl H 45
S trans-4-methylcyclohexyl H 59
t cyclopentyl H 60
u cycloheptyl H 76
% Bn H 41
w K/\O H 46
X KKO H 59
y E)\O H 82
VA CH2-(CH2)3—CH2 72

143  Scheme 2Reagents and conditions: DIPEA, DMF, 0-25 °C, 16 h.
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The synthesized compoundism and 9a—z were tested in whole-cell assay agaihtt
tuberculosis H37Rv, using the first-line drug isoniazid as refee [16, 17]. The H-
benzofllimidazoles6a—m presented only moderate activity against the hacilinder the tested
conditions Table 1). Considering the data shown, one can concludeciitdoalkyl substituents
exhibited better activity than did aromatic groups.addition, the extent of the chain using a
carbon with cycloalkyl or aromatic substituents dmt lead to higher activity. The most active
compound6j inhibited the Mtb growth with an MIC of 16.5 uM {bg/mL). This compound
shows the 4-methyl group in taans position relative to the amidic nitrogen attachiedthe
cyclohexane ring. Interestingly, when a mixturecigfandtrans isomers was used the activity of
the compound6i was nearly 2.5-fold less thanHdbenzofllimidazole 6j. This finding
demonstrates a possible stereochemical preferemcedreasing antimycobacterial activity of
this class of compounds. Changing the methyl grouihe 2- or 3-position of the cyclohexane
ring in the compound6g and6h did not maintain the activity, with MIC values >3M (>10
pg/mL). It is noteworthy that the lipophilicitied @H-benzofllimidazoles6g- are the same,
with CLogP of 3.81, denoting that structural fastaather than the physicochemical properties,
appear to be linked to the activity of the molesul&€he importance of the 4-methyl group
attached to the cyclohexane ring can be inferredhleyresult obtained for compoun@s-h,
which were ineffective at the highest tested cotregion (MIC >31.3 uM; >10 pg/mL). Finally,
chain extension using a methylene group in the com@s6k—m and the presence of aromatic
substituents on the molecul&a—e did not result in better activities when comparted

cyclohexyl derivativesTable 1).
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Table 1 ClogP values andh vitro activities of the H-benzofljimidazoles6a—m againstM.
tuberculosis H37Ruv.

Entry  ClogP? m\lﬂc Hs;17g;|7r\r/1L
6a 2.73 >31.9 >10
6b 5.86 >70.7 >25
6¢c 3.85 >65.5 >25
6d 442 >75.0 >25
6e 481 >29.6 >10
6f 3.29 >31.3 >10
69 3.81 >33.0 >10
6h 3.81 >33.0 >10
6i 3.81 41.2 12.5
6j 381 165 5
6k 3.14 >33.6 >10
6l 3.91 82.4 25
6m 4.22 >31.5 >10

INH -0.67 2.9 0.3

%ClogP calculated by ChemBioDraw Ultra, version 1&2015. INH, isoniazid.

In the second round of obtaining new drug candgladdreat tuberculosis, the antimycobacterial
activity of 3,4-dihydroquinazolin-4-oneSa—z against M. tuberculosis H37Rv strain was
determined Table 2). Once more, the cycloalkyl substituents preserited best inhibition
activities on bacillus growth, with MICs in the salzromolar range. Substituents containing
aromatic groups, which had produced highly potemymounds when present in the 2-(quinolin-
4-yloxy)acetamides, led to products with moderate@ activity at the highest concentrations
assayed. As expected, ClogP values of the 3,4-thiquihazolin-4-one® were reduced when
compared to the analogs containing the quinolirdfaid. ClogP values were obtained ranging
from 1.38 to 4.63 for the synthesized compounidsble 2). Variation using electron-donating,

electron-withdrawing or alkyl groups attached & #hposition of the phenyl group in molecules
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9a yielded structures with moderate or no activityaiagt Mtb. Increasing the molecular
volume by using a 2-naphthyl group in the 3,4-dileggiinazolin-4-on@k also failed to produce
satisfactory results (MIC >27.7 uM; >10 pg/mL). éfvards, the importance of the planarity of
the naphthyl group was evaluated by the inserticth® tetrahydronaphthyl groups in tBkeand
9m structures. Whereas the stereocisome6abnfiguration 9l) exhibited an MIC >27.4 uM
(>10 pg/mL), ther isomer @m) was able to inhibit the bacillus growth with anQvof 17.1 uM
(6.3 pg/mL). The apparent stereospecificity of tmelecules will be rationalized when
subsequent studies reveal the molecular targebmsgige for the antimycobacterial activity.
This moderate MIC value with tetrahydronaphthylugydn 9m prompted us to investigate its
molecular simplification by the removal of the pkilegroup and evaluation of the cyclohexyl
group. Indeed, 3,4-dihydroquinazolin-4-o8a exhibited an MIC of 0.97 pM (0.31 pg/mL),
which was approximately 18-fold more potent thatmateydronaphthyl-containing compound
9m. Moreover, this compound was almost 3-fold moréepbthan isoniazid drug (MIC = 2.9
uM; 0.3 pug/mL). These findings corroborated dateeaaly described in the literature [18].
Interestingly, the secondary amide seems to beiaruor the activity of the 3,4-
dihydroquinazolin-4-ones, as substitution of hydmdor a methyl abolished completely the
antimycobacterial activity of compou®d (MIC >75.4 uM; >25 pg/mL). Amidic hydrogen may
be involved in hydrogen bond(s) with a putative ecolar target, stabilizing the protein-ligand
complex, or may be responsible for the correct @onétion of the structure through
intramolecular stabilization. Following SAR evalioat, the presence of methyl at the 2-position
of the cyclohexyl ring did not significantly altethe activity of compounds, as 3,4-
dihydroquinazolin-4-on®p showed an MIC of 0.94 uM (0.31 pg/mL). By contr&smethyl-,

4-methyl-, andtrans-4-methylcyclohexyl substituents yielded molecwath an MIC of 0.24
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MM (0.08 pg/ml), a potency increase of more thdnld-compared to the non-substitutéd.
Reduction in molecular volume by using a cyclopkgipup ©Ot) reduced the antitubercular
potency. Cyclopentyl-substitutéd exhibited an MIC of 2.07 uM (0.63 pg/mL), whichsva.1-
fold less active than cyclohexyl-based compo@ndThe use of a cycloheptyl substituent again
yielded a structure with an MIC in the submicromaiange. 3,4-Dihydroquinazolin-4-org
presented an MIC of 0.48 pM (0.16 pg/mL). In themsamanner as for theHi
benzofllimidazoles series, the 3,4-dihydroquinazolin-4-gige chain was extended with an
additional methylene. First, using a benzyl grodp) (the MIC obtained was 4.8 uM (1.6
pa/mL), which was more promising than phenyl-subttd 9a. By contrast, the presence of
methylene separating the amidic nitrogen from thaohexyl ring did not alter the potency of
compounddw (MIC = 0.94 uM; 0.31 pg/mL) compared 8m (MIC = 0.97 uM; 0.31 pg/mL).
Another interesting observation was that the presesf an additional methyl group creating
stereogenic centers abolished the activity of tdedthydroquinazolin-4-one8x and9y (MICs
>28.9 uM; >10 pg/mL). Finally, piperidinyl-contairg compoundz was devoid of activity at
the evaluated concentration (MIC >33.0 uM; >10 pg/nevidencing, once more, the necessity

of the secondary amide for the potent activityhaf 8,4-dihydroquinazolin-4-ones.
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227 Table 2.ClogP values anth vitro activities of the 3,4-dihydroquinazolin-4-or@sz againstM.

228  tuberculosis H37Rv and clinical resistant isolates.

MIC H37Rv MIC CDCT10 MIC CDCT16 MIC CDCT27 MIC CDCT 28

Entry ClogP® UM pg/mL pM  pg/mL uM pg/mL pM ug/mL pM pg/mL

9a 2.02 >321 >10 - - - - - - - -

9b 2.09 >29.3 >10 - - - - - - - -
9c 2.52 >30.7 >10 - - - - - ) - -
a9d 2.42 >30.4 >10 - - - - - - - -
9e 299 28.9 10 - - - - - - - -
of 3.14 >25.6 >10 - - - - - - - -
9g 3.40 >22.9 >10 - - - - - - - -
9h 2.31 >28.1 >10 - - - - - - - -
9i 3.57 >28.3 >10 - - - - - - - -
9j 4.63 26.2 25 - - - - - - - -
9k 3.19 >27.7 >10 - - - - - - - -
9l 258 >27.4 >10 - - - - - - - -
9Im 258 171 6.3 - - - - - - - -
9n 2.07 0.97 0.31 0.50 0.16 0.97 0.31 0.25 0.08 0.5 0.16
90 2.27 >75.4 >25 - - S - - - - -
9p 258 094 0.31 095 0.31 39 13 0.96 0.31 1.9 0.63
9q 258 0.24 0.08 094 0.31 0.9 0.31 0.24 0.08 0.93 0.31
or 258 0.24 0.08 0.24 0.08 0.48 0.16 0.12 0.04 0.24 0.08
9s 258 0.24 0.08 0.12 0.04 0.24 0.08 0.12 0.04 0.12 0.04
ot 151 2.07 0.63 - - - - - - - -
9u 2.62 0.48 0.16 0.48 0.16 0.93 0.31 0.24 0.08 0.48 0.16
9v 1.92 4.8 16 - - - - - - - -
9w 2.68 0.94 0.31 093 0.31 0.93 0.31 0.48 0.16 0.93 0.31
9x 2.99 >28.9 >10 - - - - - - - -
9y 2.99 >28.9 >10 - - - - - - - -
9z 1.38 >33.0 >10 - - - - - - - -
INH -0.67 2.9 0.3 456 6.3 >729.2 >100 182.3 25 2.84 0.39

229  °ClogP calculated by ChemBioDraw Ultra, version 188015. INH, isoniazid.

230

231 3,4-Dihydroquinazolin-4-ones with MIC values lowean 1 uM 9n, 9p-s 9u and9w) were
232 selected for further evaluation of their inhibit@gtivity against a panel of clinical isolate stisai

233 (Table 2. The CDCT10 and CDCT16trains are described as multidrug-resistant @inic
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isolates. CDCT10 presents resistance to drugs sascisoniazid, rifampin and ethambutol,
whereas CDCT16 strain exhibits resistance to iishiaifampin, ethambutol and streptomycin.
Targeted sequencing from CDCT10 strain has reveala@tions in thepoB andkatG genes.
Also using targeted sequencing, mutations inrgoB, katG andinhA regulatory region C(-15)T
were observed for CDCTL16 strain. Additionally, COZZTwas also evaluated; this drug-resistant
strain shows resistance to drugs such as isoni@zed ethambutol. CDCT27 has displayed
mutations in théatG gene. Finally, clinical isolate CDCT28 does natgant resistance to the
first-line drugs, and targeted sequencing has mesented mutation in thr@oB gene. Notably,

the selected compounds exhibited identical actigityvere even more potent against CDCT10,
CDCT27, and CDCT28 strains than agaistuberculosis H37Rv strain Table 2). By contrast,
3,4-dihydroquinazolin-4-one3p—+ and9u increased MIC values when assayed against CDCT16
strain. Only compound@n and9w did not alter MIC values against this strain conepato those
presented foM. tuberculosis H37Rv. Although these results may suggest theggaation of the
inhA gene product in the activity elicited by the compds, the mutations in the clinical isolate
strains were obtained by target sequencing, amdatibns elsewhere in the genome cannot be
excluded. Thus, inferences about the mechanism ctibra of the compounds based on
modifications in MIC values for these strains sldobé made with caution, and further studies
are needed to clarify this point. It is noteworthwt this class of compounds has been described
to target the membrane-bound type-ll NADH dehydrnage NdhA based on whole-genome

sequencing of resistant strains [19].

Cellular viability was carried out after incubatienth the test compounds using the neutral
red uptake assay [20] and MTT method [1T&lgle 3). Exposing the HepG2, HaCat, and Vero

cell lineages to 3,4-dihydroquinazolin-4-or#sg 9p-s, 9u and9w for 72 h did not significantly
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affect the cell viability [21]. The assayed concatibn was at least 32 times higher than the
MICs of the synthesized compounds agaiMsttuberculosis H37Rv. These results suggest a
possible low toxicity of the compounds to mammalieglls and a likely high degree of

selectivity for Mtb.

Table 3. Percentage of cell viability of HepG2, HaCat, anetd/cell lineages after exposition to

3,4-dihydroquinazolin-4-one3n, 9p-s, 9u and9w.

% of cell viability + SEM
Entry HepG2 HaCat Vero
MTT Nerzg(tjral MTT Nerzgéral MTT Ner:g(tjral

9n 86+6 95%4 100+ 8 97+3 90zx12 924
9p 94+5 101+3 100+8 99+12 102+7 95+%12
9q 89+6 95+3 94 +9 88+7 89+7 95%5
or 89+3 96+3 95+8 94 +3 84+4 95+2
9s 83+7 972 97 +2 97+4 88zx12 936
9u 99+3 105+5 100+10 886 91+4 94+5

9w 79+3 97+3 98 +8 88 +3 89+5 97 +3

®Data are expressed as the mean cell viability + S&Meach compound, tested at 10 pg/mL.

Results were obtained from mean values of triptisatf three independent experiments.

The promising and selective activity showed bydbmpounds prompted us to investigate other
in vivo toxicological parameters such as cardiotoxicitgunotoxicity and morphological
alterations, using zebrafistD&nio rerio) models [22—24]. In patrticular, there are possible

cardiac side effects under study attributed to ree antitubercular drug bedaquiline [25].
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Zebrafish embryos at 2 dpf (days post-fertilizatiexposed to single dose of bedaquiline (72
HM) have presented significant alterations of thediac functions such as heart rate, stroke
volume, cardiac output and fractional shortenin@].[Z'herefore, cardiac risk assessment for
novel compounds should ideally be evaluated inetimty drug discovery stages and the method
using zebrafish has proved to be a suitable pro{@dp. The 3,4-dihydroquinazolin-4-oné&s,
9p-s, 9u and 9w were evaluated for the heartbeat rate in viablergosbat 2 and 5 dpf using
concentrations of 3, 15 and 20 pWable 4). Except for compound3p and9r, the molecules
did not change the heartbeat rates in tested amiatéd dpf at 3 ©M concentration. By contrast,
at the highest dose assayed (20 uM) six of thensstrectures tested induced changes in the
heartbeat rate of animals at 2 dpf. Notably, 3fdioquinazolin-4-one9q did not alter
heartbeat rates in any of the concentrations te§tedsidering animals at 5 dpf, only compound
9u was able significantly to alter the rate of heeatis. This finding indicates an apparent cardiac

safety of compounddn, 9p-s, and9w in animals at 5 dpf.

Table 4. Cardiac evaluation of 3,4-dihydroquinazolin-4-oré#s 9p-s, 9u and 9w in viable

embryos at 2 and 5 dpf (days post-fertilization).

Zebrafish heart rate (Mean £ SD/min) — Embryos £ dp

Entry  Control 1% DMSO 3 uM 15 uM 20 uM

9n 141.6+15.8147.3+16.1 149.5+16.3 155.0+ 148 155.7 +14.1
9p 141.6+15.8147.3+16.1156.3+14.8 151.7+142  153.9+16.1
9q 146.3+9.3 148.8+9.6 151.2+7.1 151.7+9.4 .2528.5
Or 128.7+21.71344+11.7 122.3+9.6" 127.2+6.6 146.4+109'"
9s 128.7+21.7134.4+11.7 1355+7.3 134.0+6.1 150.2 + 82"
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Qu 138.3+10.7139.9+12.4 139.6 +15.0 136.5+16.4 148.4 + 10.8
ow 138.3+10.7139.9+12.4 140.7+12.2 143.2+14.1 152.6+8.8%#
Zebrafish heart rate (Mean + SD/min) — Embryos & dp

Entry  Control 1% DMSO 3 uM 15 uM 20 uM

9n 158.2+12.7 157.4+9.7 1628+10.5 163.0+8.4 158.4 +9.9
9p 156.7 +16.3 157.4+9.7 162.6+8.0 163.4+7.2 160.6 +12.3
9g 1559+125159.1+9.7 157.2+153 157.4%9.3 160.9+11.4
O 148.1+7.4 148.1+11.3147.7+14.1 150.3+13.5 152.2 +10.6
9s 148.1+7.4 148.1+11.3149.2+13.5 157.4+18.6 153.8 +13.2
9u 153.2+8.2 1545+6.8 160.1+8.4* 1604+7.7%* 5318+11.1
9w 153.2+8.2 1545+6.8 157.8+9.0 1589+119 235110

287 P < 0.5 compared with control group (Tukey post-tesB.< 0.01 compared with control group
288 (Tukey post-test).” P < 0.0001 compared with control group (Tukey postjté$P < 0.01
289  compared with the 1% DMSO group (Tukey post-teSt < 0.001 compared with the 1%

290 DMSO group.
291

292  Furthermore, the distance traveled by the animad#s wsed as a parameter to evaluate
293  neurological impairment after exposure to the commois. None of the evaluated compoufds

294  9p-s, 9u, and9w altered the locomotor activity of the animals &abt shown). Morphological
295 evaluation considered parameters such as bodyhleagtlar distance, and surface area of the
296 eyes. Except for compounf@ls which altered the body length of the larvae at |20

297  concentration, none of the compounds in any oftdsed concentrations (3, 15 and 20 uM)

298 shown modifications on the morphological paramefglata not shown). Finally, the larvae
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survival rate was not altered by exposure to 3Madlioquinazolin-4-one8n, 9p-s, 9u, and9w

in the experimental conditions used (data not shown

Aiming at furtherin vivo effectiveness trials in rodents and pharmaceufarahulation studies
for oral administration, the stability of 3,4-dilmpdjuinazolin-4-one®n, 9p-s, 9u, and9w in
aqueous medium was determined (Supporting infoonatiThe experiments were carried out
using 10% DMSO as co-solvent in PBS at 25 °C an&iG3for up to 48 h. At room temperature
(25 °C), only compoun®s showed chemical instability. After 24 h, only 2686 the 3,4-
dihydroquinazolin-4-on@s could be recovered. The other products remainaoesover 48 h.
Elevation of temperature to 37 °C appeared to beial for chemical instability of compound
Or. After 6 h of incubation less than 70% 6f was recovered. Once more, the 3,4-
dihydroquinazolin-4-oné@s presented instability under the experimental cioonk tested. In
contrast, 3,4-dihydroquinazolin-4-on@s, 9p—q, 9u, and9w were stable in aqueous medium for

48 h at 37 ° C in the evaluated conditions.

3. Conclusion

In summary, herein was shown the synthesis of neies of hybridized H-
benzofllimidazoles and 3,4-dihydroquinazolin-4-ones aneirtin vitro antitubercular activity.
The simplicity of the route, easily accessible taats and reagents, reasonable yields and high
purity make the synthetic protocols attractive.atidition, the synthesized compounds showed
potent and selective activity against drug-sensitand drug-resistant Mtb strains, with no
apparent cytotoxicity to mammalian cells. The sulvomolar antitubercular activity elicited by
3,4-dihydroquinazolin-4-ones, coupled with a pratiany outcome of low risk of cardiotoxicity

and neurotoxicity, suggests that this class of ammgds may furnish candidates for future
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development of novel anti-TB drugs. Considering thlata described so far, 3,4-
dihydroquinazolin-4-one®q and 9w are considered the lead compounds of this series o
synthesized molecules. New structural modificatiohghe 3,4-dihydroquinazolin-4-ones and
pharmaceutical formulation studies are in prograsd these data will be reported to the

scientific community soon.

4. Experimental Section

4.1 Synthesis and structure: apparatus and analysis

The commercially available reactants and solvemievobtained from commercial suppliers
and were used without additional purification. Treactions were monitored by thin-layer
chromatography (TLC) with Merck TLC Silica gel 6@s& The melting points were measured
using a Microquimica MQAPF-302 apparattis. and **C NMR spectra were acquired on a
Avance Ill HD Bruker spectrometer (Pontifical CdtbhoUniversity of Rio Grande do Sul).
Chemical shifts §) were expressed in parts per million (ppm) reatio DMSO€s, which was
used as the solvent, and to TMS, which was usedtamal standard. High-resolution mass
spectra (HRMS) were obtained for all the compouadsan LTQ Orbitrap Discovery mass
spectrometer (Thermo Fisher Scientific, Bremer,n&ary). This system combines an LTQ XL
linear ion-trap mass spectrometer and an Orbitrapsnanalyzer. The analyses were performed
through the direct infusion of the sample in MeOKIH1:1) with 0.1% formic acid (flow rate
10 pLl/min) in a positive-ion mode using electrogpronization (ESI). For elemental
composition, calculations used the specific toatluded in the Qual Browser module of

Xcalibur (Thermo Fisher Scientific, release 2.0s@jtware. Compound purity was determined
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346 using an Akta HPLC system (GE Healthcare® Life Bc#s) equipped with a binary pump,
347 manual injector and UV detector. Unicorn 5.31 saftev (Build 743) was used for data
348  acquisition and processing. The HPLC conditionsevas follows: RP column 5 pm Nucleodur
349 C-18 (250 x 4.6 mm); flow rate 1rBL/min; UV detection 254 nm; 100% water (0.1% aceti
350 acid) was maintained from 0 to 7 min and was foddvby a linear gradient from 100% water
351 (0.1% acetic acid) to 90% acetonitrile/methanoll(A/v) from 7 to 15 min (15-30 min) and
352 subsequently returned to 100% water (0.1% aceiit) ac5 min (30-35 min) and maintained for
353  an additional 10 min (35—-45 min). All the evaluatesinpounds were 90% pure.

354

355 4.2 General procedure for the synthesis dfldenzo-f]-imidazoles6a-m

356 The synthesis of these compounds was adapted fremopsly described methodology
357 [15]. The appropriately substituted bromoacetanfidenmol) was added to a mixture ofil
358  benzimidazole-2-thiol (1 mmol), potassium carbor(&gC0O;, 2 mmol) in acetonitrile (10 mL).
359 The reaction mixture was stirred at 40 °C (oil bdthr 4 h. The precipitated solid was filtered
360 off, washed with chloroform (3 x 20 mL) and drieader reduced pressure to afford the products
361  in good purity.

362

363 4.2.1. 2-((H-Benzofd]imidazol-2-yl)thio)N-(2-methoxyphenyl)acetamide6d): Yield 83%;
364 m.p.: 127.5—129.3 °C; HPLC 93% £ 15.90);"H NMR (400 MHz, DMSOeg) dppm 3.67 (s,
365 3 H),4.22(s,2H), 6.88 (td,= 8.2, 1.3 Hz, 1 H), 6.97 (td, J=8.2, 1.3 Hz, 1 HP2 (ddJ = 8.2,
366 1.3 Hz), 7.13-7.17 (m, 2 H), 7.48-7.50 (m, 2 H1LGB(d,J = 8.1, 1 H), 9.94 (s, 1 H}*C NMR
367 (101 MHz, DMSOedg) dppm 35.4, 55.6, 111.0, 120.3, 121.5, 124.1, 12148,7, 150.0, 166.8;
368 FTMS (ESI) m/z 314.0954 [M+H] calcd for GeH15N30,S: 314.0958.

369

370 4.2.2. 2-((H-Benzofd]imidazol-2-yl)thio)N-(4-pentylphenyl)acetamidé&lf): Yield 96%; m.p.:
371  103.5 — 104.7 °C; HPLC 94%x(= 19.10);'H NMR (400 MHz, DMSOds) J ppm 0.83 (tJ
372 =7.0 Hz, 3 H), 1.25 (m, 4 H), 1.51 (m, 2 H), 2.48, 2 H), 4.21 (s, 2 H), 7.09-7.11 (m, 4 H),
373 7.43-7.48 (m, 4 H), 10.58 (s, 1HfC NMR (101 MHz, DMSOds) dppm 13.8, 21.9, 30.6, 30.7,
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34.4,36.1, 109.4, 113.8, 118.9, 121.0, 128.4,6,337.3, 140.0, 150.5, 166.1; FTMS (ESI) m/z
354.1630 [M+HTJ; calcd for GoH23N30S: 354.1635.

4.2.3. 2-((H-Benzof]imidazol-2-yl)thio)N-(4-heptylphenyl)acetamid&d): Yield 88%; m.p.:
142.6 — 143.7 °C; HPLC 93%x{E 19.68);"H NMR (400 MHz, DMSOdg) J ppm 0.84 (tJ =
6.8 Hz, 4 H), 1.23 (d] = 6.1 Hz, 8 H), 1.51 (m, 2 H), 2.50 (m, 2 H), 4($32 H), 7.03-7.06 (m,
2 H), 7.10 (d,J = 8.6 Hz, 2 H), 7.42-7.44 (m, 2 H), 7.48 (d= 8.6 Hz, 2 H).*C NMR (101
MHz, DMSO-ds) J ppm 13.8, 22.0, 28.4, 30.9, 31.2, 34.5, 36.1, 4,0913.8, 118.8, 120.2,
122.0, 128.4, 132.6, 136.8, 137.2, 141.3, 151.8,7t6TMS (ESI) m/z 382.1977 [M+H]calcd
for CooHo7N30S: 382.1948.

4.2.4. 2-((H-Benzof]imidazol-2-yl)thio)-N-(naphthalen-2-yl)acetamide 6d): Yield 88%;
m.p.: 101.7 — 102.2 °C; HPLC 92% € 16.61);*H NMR (400 MHz, DMSOds) dppm 4.33 (s,

2 H), 7.10-7.14 (m, 2 H), 7.37-7.43 (tt= 7.5, 1.5 Hz, 1 H), 7.44-7.47 (m, 3 H), 7.56-7(84,
J=28.8,2.2Hz,1H), 781 @#=8.82H), 7.86 (d) = 9.0 Hz, 1 H), 8.29 (d] = 1.7 Hz, 1 H),
10.73 (s, 1 H)}*C NMR (101 MHz, DMSOdg) dppm 36.2, 115.1, 119.6, 121.4, 124.6, 126.4,
127.2,127.4,128.4, 129.7, 133.3, 136.4, 149.8,46-TMS (ESI) m/z 334.1005 [M+H]calcd

for CioH15N30S: 334.10009.

4.2.5. 2-((H-Benzofd]imidazol-2-yl)thio)N-(2,3-dihydro-H-inden-5-yl)acetamide6@): Yield
92%; m.p.: 89.7 — 90.6 °C; HPLC 9084 = 16.71);'"H NMR (400 MHz, DMSOds) d ppm 1.97
(9,3=7.4,Hz, 2 H), 2.79 (d = 10.7, 7.4 Hz, 4 H), 4.23 (s, 2 H), 7.09-7.13 &), 7.26 (dd,
J=18.1, 1.5 Hz, 1 H), 7.42-7.46 (m, 2 H), 7.491sH) 10.40 (s, 1 H)™C NMR (101 MHz,
DMSO-ds) oppm 25.0, 31.7, 32.4, 36.1, 115.2, 117.1, 12123 1, 137.0, 138.6, 144.1, 149.9,
165.8; FTMS (ESI) m/z 324.1161 [M+H]calcd for GoH;oN3OS: 324.1165.

4.2.6. 2-((1H-Benzofd]imidazol-2-yl)thio)N-cyclohexylacetamidesf): Yield 96%; m.p.: 132.9
—134.0 °C; HPLC 90% = 16.59);"H NMR (400 MHz, DMSOds) dppm 1.08-1.25 (m, 5 H,
3'-H, 4-H and 5'H), 1.45-1.48 (m, 1 H, 5’-H), 1.8B69 (m, 4 H, 2’-H and 6’-H), 3.54 (m, 1 H,
1'-H), 3.87 (s, 2 H, 8-H), 6.98-7.02 (m, 2 H, 5-Hda6-H), 7.35-7.39 (M, 2 H, 4-H and 7-H),
8.87 (s, 1 H, H-N)*C NMR (101 MHz, DMSOds) dppm 23.9, 25.2, 31.9, 35.1 (9-C), 47.5 (1
C), 113.8 (4-C and 7-C), 120.1 (5-C and 6-C), 143aC and 7a-C), 152.1 (2-C), 167.3 (10-C);
FTMS (ESI) m/z 290.1314 [M+H] calcd for GsH1gNsOS: 290.1322.

4.2.7. 2-((H-Benzofd]imidazol-2-yl)thio)N-(2-methylcyclohexyl)acetamideésg): Yield 98%;
m.p.: 114.8 — 115.5 °C; HPLC 91% € 16.97 and 17.44)H NMR (400 MHz, DMSOsg) J
ppm 0.74-0.75 (d) = 6.8 Hz, 3 H), 0.79-0.80 (d,= 6.6 Hz, 3 H), 0.84-0.86 (m, 1H), 0.96-1.02
(m, 1 H), 1.12-1.40 (m, 7 H), 1.58 (@= 11.7 Hz, 2 H), 1.64-1.75 (m, 4 H), 3.18-3.26 gH),
3.88-4.03 (m, 4 H), 7.03-7.05 (m, 2 H), 7.06-7.69 2 H), 7.38-7.42 (m, 4 H), 8.41 (@= 4.4

Hz, 1 H), 8.88 (dJ = 4.4 Hz, 1 H).*C NMR (101 MHz, DMSOds) J ppm 18.8, 24.9, 25.2,
28.9, 29.7, 32.6, 33.7, 33.7, 34.9, 35.1, 37.18,488.7, 113.7, 120.3, 120.8, 140.2, 150.7, 166.8,
168.1; FTMS (ESI) m/z 304.1467 [M+H]calcd for GeH21N30S: 304.1478.

4.2.8. 2-((H-Benzofd]imidazol-2-yl)thio)N-(3-methylcyclohexyl)acetamideslf): Yield 89%;
m.p.: 128.7 — 129.4 °C; HPLC 90% € 17.16 and 17.48)H NMR (400 MHz, DMSOsdg) &
ppm 0.70-0.98 (m, 5 H), 1.01-1.27 (m, 3 H), 1.3%81(m, 4 H), 1.65 (d) = 9.5 Hz, 2 H), 1.68-



22

420 1.77 (m, 2 H), 3.47-3.57 (m, 1 H), 3.98 (s, 2 HP9¢7.13 (m, 2 H) 7.41-7.46 (m, 2 H), 8.24 (d,
421 J=4.4 Hz, 1 H), 8.44 (d] = 4.4 Hz, 1 H)C NMR (101 MHz, DMSOdgs) dppm 20.0, 21.6,
422 22.2, 24.3, 26.4, 29.8, 31.2, 31.8, 33.4, 33.80,385.3, 38.1, 41.0, 44.5, 48.2, 113.7, 121.2,
423 150.0, 166.3, 166.9; FTMS (ESI) m/z 304.1467 [M*Hhlcd for GeH2:N30S: 304.1478.

424

425 4.2.9. 2-((H-Benzof]imidazol-2-yl)thio)-N-(4-methylcyclohexyl)acetamidesi}: Yield 78%;
426  m.p.: 98.2 — 99.0 °C; HPLC 96%xE 17.12 and 17.41fH NMR (400 MHz, DMSO€s) & ppm
427 0.66 (d,J=6.1 Hz, 3 Hy), 0.84 (d,J = 6.4 Hz, 3 Hand, 0.88-0.97 (M, 2 khny, 1.08-1.17 (m, 4
428  Hcisrand, 1.26-1.44 (M, 7 Ehprang, 1.53-1.58 (m, 2 k), 1.63 (ddJ = 12.5, 2.7 Hz, 2 Fhn9, 1.77
429 (dd,J = 12.5, 2.7 Hz, 2 Fhn9, 3.3-3.4 (M, 2 ldsirand, 3.8 (S, 2 Hy), 3.9 (S, 2 Kang, 6.96-7.05
430 (M, 2 Hyg), 7.02-7.05 (M, 2 hng, 7.35-7.41 (M, 4 Ehrand, 8.68 (S, 1 iand, 9.13 (d,J = 4.4 Hz,
431 1 Hgy). °C NMR (101 MHz, DMSQdg) dppm 21.4s, 22.Qrans 29.Qis, 29.%is, 30.84s, 31.3ans
432 32-Qrans 33-3rans 34-7cis, 35-]§rans 44-%i57 48-lrans 113-Zrans 113-%& 119-@& 120-3{an5
433 141.Qrans 142.2is, 151.Gans 153.1is, 167.Qans 168.Qis; FTMS (ESI) m/z 304.1467 [M+H]
434  calcd for GegH21N30S: 304.1478.

435

436 4.2.10. 2-((H-Benzof]imidazol-2-yl)thio)-N-(trans-4-methylcyclohexyl)acetamide6j): Yield
437  76%; m.p.: 144.5 — 145.2 °C; HPLC 91%< 17.17);"H NMR (400 MHz, DMSOsg) J ppm
438 0.84 (d,J=6.4 Hz, 3 H), 0.88-0.98 (m, 2 H), 1.10-1.18 gH), 1.22-1.39 (m, 1 H), 1.63 (d~=
439  12.7 Hz, 2 H), 1.76 (d] = 9.5 Hz, 2 H), 3.43 (m, 1 H), 3.92 (s, 2 H), 7087 (m, 2 H), 7.40-
440 7.41 (m, 2 H), 8.55 (s, 1 H*C NMR (101 MHz, DMSOdg) dppm 22.0, 31.3, 32.0, 33.3, 35.2,
441  48.1, 113.8, 120.5, 120.6, 140.7, 151.2, 166.9; BT(&SI) m/z 304.1496 [M+H] calcd for
442 Ci6H21N3OS: 304.1478.

443

444  4.2.11. 2-((H-Benzof]imidazol-2-yl)thio)N-benzylacetamide6k): Yield 73%; m.p.: 175.5 —
445  177.0 °C; HPLC 91%t§= 15.98);'H NMR (400 MHz, DMSOds) dppm 4.10 (s, 2 H), 4.32 (d,
446 J=6.1Hz, 2 H),7.12-7.19 (m, 2 H), 7.21-7.25 @), 7.44-7.46 (m, 2 H), 8.82 1,= 5.4 Hz,
447 1 H). *®*C NMR (101 MHz, DMSOds) J ppm 34.9, 42.4, 121.3, 126.6, 127.0, 128.1, 138.9,
448  149.7, 167.3; FTMS (ESI) m/z 298.1029 [M+Hgalcd for GeH1sN30S: 298.10009.

449

450  4.2.12.2-((1H-Benzof]imidazol-2-yl)thio)-N-(cyclohexylmethyl)acetamide 6): Yield 65%;
451  m.p.: 166.7 — 167.1 °C; HPLC 90% € 17.21);"H NMR (400 MHz, DMSOsdg) d ppm 0.77-
452 0.88 (m, 2 H), 1.10-1.14 (m, 4 H), 1.34-1.35 (nH}l 1.55-1.69 (m, 6 H), 2.94 (ddd,= 17.1,
453 10.8, 6.6 Hz, 2 H), 4.00 (s, 2 H), 7.09-7,14 (nh)27.41-7.45 (m, 2 H), 8.32 (s, 1 HfC NMR
454 (101 MHz, DMSOds) J ppm 25.3, 25.9, 30.1, 34.9, 37.3, 45.1, 113.7,.2,2139.6, 149.9,
455  167.3; FTMS (ESI) m/z 304.1474 [M+H]calcd for GeH21N3OS: 304.1478.

456

457  4.2.13. §-2-((1H-Benzof]imidazol-2-yl)thio)-N-(1-cyclohexylethyl)acetamide 6n): Yield
458  62%; m.p.: 139.7 — 140.2 °C; HPLC 92% % 17.59);'H NMR (400 MHz, DMSOds) J ppm
459  0.81-1.10 (m, 7 H), 1.22-1.26 (m, 1 H), 1.52-1.60 6 H), 3.55-3.60 (m, 1 H), 3.82-3.99 (m, 2
460 H), 7.02 (ddJ = 5.9, 3.2 Hz, 2 H), 7.37 (dd,= 6.1, 3.2 Hz, 2 H), 8.56 (s, 1 HfC NMR (101
461 MHz, DMSO-ds) dppm 17.4, 25.7, 25.8, 28.2, 28.6, 35.0, 42.3,,4B18.7, 120.3, 141.0, 151.5,
462  167.3; FTMS (ESI) m/z 318.1621 [M+H]calcd for G;H,3N30S: 318.1635.

463

464 4.3 General procedure for the synthesis of 3,4-dihydiragolin-4-one®a-z



23

465

466 2-Mercaptoquinazolin-4¢3)-one (1 mmol) was diluted iN,N-dimethylformamide (5 mL)
467  with the addition of diisopropylethylamine (DIPEA,1 mmol) under an argon atmosphere at
468 0°C. The solution was stirred for 5 min and bromawgebhe (1.1 mmol) was added. After 30
469  min, the temperature was elevated to 25 °C. Thetimamixture was stirred for additional 18 h
470 and the precipitated product filtered off, washedhwvater and dried under vacuum. The
471  products were obtained in satisfactory purity withthe need for additional purification.

472

473  4.3.1. 2-((4-Oxo0-3,4-dihydroquinazolin-2-yl)thid}phenylacetamide9¢): Yield 86%; m.p.:
474  233.5 - 234.3 °C; HPLC 99%xE 16.51 min);*H NMR (400 MHz, DMSOdg) dppm 4.17 (s,
475 2 H, 9-H), 7.04 (tJ=7.3 Hz, 1 H, 4-H), 7.30 ( = 7.3 Hz, 2 H, 3'-H), 7.40 (td] = 8.1, 1.5
476  Hz, 1 H, 6-H), 7.47 (dJ = 8.1 Hz, 1 H, 8-H), 7.59 (d,= 7.6 Hz, 2 H, 2’-H), 7.73 (td] = 7.6,
477 1.6 Hz, 1 H, 7-H), 8.02 (dd,= 8.1, 1Hz, 1 H, 5-H), 10.34 (s, 1 H, NH), 12.681 H, NH, 3-H).
478 °C NMR (101 MHz, DMSQds) d ppm 35.1 (9-C), 119.1 (2'-C), 119.9 (4a-C), 12844C),
479  125.6 (5-C), 125.9(8-C), 128.7 (3'-C), 134.6 (7-@R8.8 (1'-C), 148.2 (8a-C), 155.2 (2-C),
480 161.0 (4-C), 165.8 (10-C); FTMS (ESI) m/z 312.07pM+H]"; calcd for GeH13N30,S:
481  312.0801.

482

483  4.3.2. N-(4-Methoxyphenyl)-2-((4-ox0-3,4-dihydroquinazoliayl)thio)acetamide 9b): Yield
484  81%; m.p.: 214.1 — 216.9 °C; HPLC 95% % 16.34 min);'"H NMR (400 MHz, DMSOds)
485 ppm 3.70 (s, 3 H), 4.14 (s, 2 H), 6.87 Jds 9.0 Hz, 2 H), 7.38-7.42 (m, 1 H), 7.47-7.50 @n,
486 H), 7.74 (tdJ = 8.3, 1.5 Hz, 1 H), 8.02 (dd,= 7.8, 1.5 Hz, 1 H), 10.20 (s, 1 H), 12.66 (s,)1 H
487 °C NMR (101 MHz, DMSOds) d ppm 35.0, 55.1, 113.9, 119.9, 120.7, 125.7, 125280,
488  132.0, 134.6, 148.2, 155.3, 155.3, 161.0, 165.3FTESI) m/z 342.0873 [M+H] calcd for
489 C17H15N303S: 342.0907.

490

491  4.3.3. 2-((4-Oxo0-3,4-dihydroquinazolin-2-yl)thid}{p-tolyl)acetamide gc): Yield 69%; m.p.:
492 247.9 — 250.1 °C; HPLC 96%x(E 17.00 min);*H NMR (400 MHz, DMSOdg) dppm 2.23 (s, 3
493 H), 4.15 (s, 2 H), 7.10 (&} = 8.1 Hz, 2 H), 7.40 (td] = 8.0, 1.5 Hz, 1 H), 7.47 (d,= 8.6 Hz, 3
494 H), 7.73 (tdJ = 8.4, 1.5 Hz, 1 H), 8.02 (dd,= 7.9, 1.5 Hz, 1 H), 10.35 (s, 1 H), 12.67 (s,)1 H
495 3C NMR (101 MHz, DMSOds) d ppm 20.4, 35.1, 119.1, 119.9, 125.7, 125.8, 12620,1,
496  132.3, 134.6, 136.4, 148.2, 155.2, 161.0, 165.0IFTESI) m/z 326.0927 [M+H] calcd for
497 C17H15N30,S: 326.0958.

498

499  4.3.4. N-(4-Fluorophenyl)-2-((4-oxo-3,4-dihydroquinazoliryBthio)acetamide 9d): Yield
500  68%; m.p.: 243.6 — 244.8 °C; HPLC 97% £ 16.62 min);'H NMR (400 MHz, DMSO«dg) &
501 ppm 4.16 (s, 2 H), 7.11-7.17 (m, 2 H), 7.40 (& 8.1, 1.5 Hz, 1 H), 7.46 (d,= 8.1 Hz, 1 H),
502 7.58-7.63 (m, 2 H), 7.73 (td,= 7.6, 1.6 Hz, 1 H), 8.02 (dd,= 8.1, 1.5 Hz, 1 H), 10.40 (s, 1 H),
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12.67 (s, 1 H)**C NMR (101 MHz, DMSOQdg) J ppm 35.0, 115.3 (dJcr = 22.0 Hz), 119.9,
120.9 (d,*Jer = 8.0 Hz), 125.7, 125.8, 126.0, 134.6, 135.2%0d; = 2.9 Hz), 148.2, 155.2,
156.8 (d,Jcr = 239.8 Hz), 161.0, 165.8; FTMS (ESI) m/z 330.0GR4&+H]"; calcd for

C16H12FN30O,S: 330.0707.

4.3.5. N-(4-Chlorophenyl)-2-((4-oxo-3,4-dihydroquinazoliryBthio)acetamide 9e): Yield
81%; m.p.: 262.7 — 264.1 °C; HPLC 93% % 17.21 min);"H NMR (400 MHz, DMSOsdg) &
ppm 4.18 (s, 2 H), 7.37 (d,= 8.0, 2 H), 7.41 (td) = 8.1, 1.1 Hz, 1 H), 7.46 (d,= 8 Hz,1 H),
7.63 (d,J=8.0, 2 H), 7.75 (td) = 8.0, 1.1 Hz, 1 H), 8.03 (dd,= 7.8, 1.5 Hz, 1 H), 10.49 (s, 1
H), 12.68 (s, 1 H)**C NMR (101 MHz, DMSQdg) & ppm 35.1, 119.9, 120.7, 125.7, 126.0,
127.0, 128.7, 134.6, 137.9, 140.4, 148.1, 155.3.116166.0; FTMS (ESI) m/z 346.0403
[M+H]™; calcd for GeH13CIN2O,S: 346.0412.

4.3.6.N-(4-bromophenyl)-2-((4-oxo-3,4-dihydroquinazolinyBthio)acetamide 4f): Yield 89%;
m.p.: 236.2 — 238.1 °C; HPLC 92% & 17.26 min);*H NMR (400 MHz, DMSOdg) J ppm
4.17 (s, 2 H), 7.40 (tdl = 8.1, 1.5 Hz, 1 H), 7.44 (d,= 8.1 Hz, 1 H), 7.48 (d] = 8.8 Hz, 2 H),
7.57 (dJ=8.8Hz,2H), 7.73 (td = 7.6, 1.6 Hz, 1 H), 8.02 (dd,= 7.8, 1.5 Hz, 1 H), 10.48 (s,
1 H), 12.67 (s, 1 H)**C NMR (101 MHz, DMSOds) d ppm 35.1, 114.9, 119.8, 121.0, 125.6,
126.0, 131.5, 134.6, 138.2, 148.0, 155.2, 161.6,Qt6TMS (ESI) m/z 391.9843 [M+H]calcd
for Ci16H12BrN3O,S: 391.9886.

4.3.7. N-(4-lodophenyl)-2-((4-oxo-3,4-dihydroquinazolin-Bthio)acetamide qg): Yield 86%;
m.p.: 233.5 — 235.5 °C; HPLC 91% & 17.44 min);'"H NMR (400 MHz, DMSOdg) J ppm
4.17 (s, 2 H), 7.39-7.47 (m, 4 H), 7.64 §ds 7.6 Hz, 2 H), 7.74 (td] = 8.5, 1.5 Hz, 1 H), 8.03
(dd,J = 8.1, 1.5 Hz,1 H), 10.36 (s, 1 H), 12.58 (s, 1 ¥ NMR (101 MHz, DMSOds) J ppm
34.9, 86.6, 119.8, 121.3, 125.5, 125.8, 134.4,2,31738.5, 147.9, 155.1, 160.9, 165.9.; FTMS
(ESI) m/z 437.9723 [M+H] calcd forGeH12IN30,S: 437.9768.

4.3.8. N-(4-Nitrophenyl)-2-((4-oxo-3,4-dihydroquinazoliny®jthio)acetamide gh):  Yield
50%; m.p.: 235.8 — 238.1°C; HPLC 95% £ 16.75 min);'H NMR (400 MHz, DMSOdg) &
ppm 4.26 (s, 2 H), 7.40-7.44 (m, 2 H), 7.74 (@& 7.6, 1.6 Hz, 1 H), 7.88 (d,= 9.7 Hz, 2 H),
8.04 (ddJ=7.8, 1.5 Hz, 1 H), 8.25 (d,= 9.7 Hz, 2 H), 11.00 (s, 1 H), 12.73 (s, 1 HE NMR
(101 MHz, DMSOedg) oppm 35.3, 118.8, 119.9, 125.0, 125.7, 126.1, 1348.3, 145.0, 148.1,
155.1, 161.0, 167.0; FTMS (ESI) m/z 357.0617 [M*Hhlcd for GeH12N404S: 357.0652.

4.3.9. 2-((4-Ox0-3,4-dihydroquinazolin-2-yl)thid}H{4-propylphenyl)acetamid®i): Yield 75%;
m.p.: 209.8 — 212.1 °C; HPLC 95% & 17.83 min);'H NMR (400 MHz, DMSOdg) J ppm
0.87 (t,J = 8.1 Hz, 3 H), 1.51-1.60 (m, 2 H), 2.47-2.52 @rl), 4.19 (s, 2 H), 7.13 (d,= 7.6
Hz, 2 H), 7.42 (tJ=7.6 Hz, 1 H), 7.51 (d] = 6.8 Hz, 3 H), 7.76 (] = 7.6 Hz, 1 H), 8.05 (d]

= 7.8 Hz, 1 H), 10.29 (s, 1 H), 12.70 (s, 1 HL NMR (101 MHz, DMSOds) dppm 13.5, 24.0,
35.1, 36.6, 119.2, 119.9, 125.7, 125.8, 126.0,5,2B34.6, 136.6, 137.2, 148.2, 155.3, 161.0,
165.6; FTMS (ESI) m/z 354.1236 [M+H]calcd for GgH19N30,S: 354.1271.

4.3.10. 2-((4-Oxo0-3,4-dihydroquinazolin-2-yl)thibl{4-pentylphenyl)acetamide 9j): Yield
88%; m.p.: 218.2 — 219.6 °C; HPLC 94% % 18.52 min);'*H NMR (400 MHz, DMSOdg) &
ppm 0.85 (tJ = 8.0 Hz, 3 H), 1.20-1.28 (m, 4 H), 1.51-1.57 @), 2.49-2.54 (m, 2 H), 4.17
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(s, 2 H), 7.12 (d) = 8.3 Hz, 2 H), 7.42 (] = 7.9, 1 H), 7.48-7.50 (m, 3 H), 7.75 (&t 7.6, 1.6
Hz, 1 H), 8.04 (ddJ = 7.9, 1.3 Hz, 1 H), 10.27 (s, 1 H), 12.69 (s, )1 C NMR (101 MHz,
DMSO-dg) o ppm 13.8, 21.9, 30.6, 30.8, 34.5, 35.1, 119.2,91925.7, 125.8, 126.0, 128.4,
134.6, 136.5, 137.4, 148.2, 155.2, 161.0, 165.0METESI) m/z 382.1546 [M+H] calcd for
C21H23N3028: 382.1584.

4.3.11.N-(Naphthalen-2-yl)-2-((4-oxo-3,4-dihydroquinazoknyl)thio)acetamide 9k): Yield
81%; m.p.: 219.3 — 221.5 °C; HPLC 95% % 17,37 min);"H NMR (400 MHz, DMSOsg) &
ppm 4.25 (s, 2 H), 7.36-7.43 (m, 3 H), 7.47( 7.3 Hz, 2 H), 7.62 (d1= 8.8 Hz, 1 H), 7.72 (t,
J=8.2Hz,1H),7.80 (dd,=11.1, 8.2 Hz, 1 H), 7.86 (4,=8.8 Hz, 1 H), 8.03 (dI=8.1 Hz, 1
H), 8.29 (s, 1 H), 10.57 (s, 1 H), 12.70 (s, 1 HE NMR (101 MHz, DMSQds) & ppm 35.2,
115.3, 119.8, 119.9, 124.6, 125.7, 125.8, 126.6,412127.3, 127.4, 128.4, 129.8, 133.4, 134.6,
136.5, 148.2, 155.3, 161.1, 166.1; FTMS (ESI) n62.8942 [M+HJ; calcd forGoHsN3O,S:
362.0958.

4.3.12. §-2-((4-Ox0-3,4-dihydroquinazolin-2-yl)thidy-(1,2,3,4-tetrahydronaphthalen-2-
yl)acetamide gl): Yield 37%; m.p.: 244.1 — 245.0 °C; HPLC 93% % 17.31 min);'"H NMR
(400 MHz, DMSOdg) d ppm 1.67-1.73 (m, 2 H), 1.87-1.91 (m, 2 H), 2.678(m, 2 H), 3.95-
4.04 (m, 2 H), 4.94-5.00 (m, 1 H), 7.01Jt= 7.3 Hz, 1 H), 7.08 (d] = 7.1 Hz, 1 H), 7.11-7.17
(m, 2 H), 7.41-7.46 (m, 2 H), 7.77 &= 7.7 Hz, 1 H), 8.04 (d] = 7.8 Hz, 1 H), 8.60 (dl = 8.8
Hz, 1 H), 12,66 (s, 1H)**C NMR (101 MHz, DMSQdg) J ppm 19.9, 28.6, 29.6, 33.9, 46.9,
119.9, 125.6, 125.6, 125.8, 125.9, 126.6, 128.8,612134.4, 136.9, 137.1, 148.2, 155.3, 161.0,
166.3; FTMS (ESI) m/z 366.1269 [M+H]calcd for GoH1gN30,S: 366.1271.

4.3.13. R)-2-((4-Ox0-3,4-dihydroquinazolin-2-yl)thid)-(1,2,3,4-tetrahydronaphthalen-2-
yl)acetamide §m): Yield 80%; m.p.: 241.2 — 242.7 °C; HPLC 968 17.28 min); 1H NMR
(400 MHz, DMSO6dg) o ppm 1.66-1.72 (m, 2 H), 1.85-1.92 (m, 2 H), 2.6432(m, 2 H), 3.94-
4.03 (m, 2 H), 4.96-5.00 (m, 1 H), 6.98-7.16 (M4} 7.40-7.44 (m, 2 H), 7.76 @,= 7.1 Hz, 1
H), 8.03 (d,J = 7.8 Hz, 1 H), 8.58 (d] = 8.6 Hz, 1 H), 12.66 (s, 1 H)*C NMR (101 MHz,
DMSO-ds) dppm 19.9, 28.6, 29.6, 33.9, 46.9, 119.9, 125.6,6,2125.8, 125.9, 126.6, 128.0,
128.6, 134.4, 136.9, 137.1, 148.2, 155.3, 161.6.3L6 FTMS (ESI) m/z 366.1268 [M+H]
calcd for GoH19N30,S: 366.1271.

4.3.14. N-Cyclohexyl-2-((4-ox0-3,4-dihydroquinazolin-2-yl)d)acetamide 9n): Yield 65%;
m.p.: 219.0 — 221.3 °C; HPLC 91% & 16.17 min);"H NMR (400 MHz, DMSOds) J ppm
1.08-1.30 (m, 5 H), 1.52 (m, 1 H), 1.65-1.74 (nH}% 3.50-3.60 (m, 1 H, 1'-H), 3.92 (s, 2 H, 9-
H), 7.42 (tdJ=8.1, 1.5 Hz, 1 H, 6-H), 7.50 (d= 8.1 Hz, 1 H, 8-H), 7.77 (td,= 7.6, 1.6 Hz, 1
H, 7-H), 8.03 (ddJ = 7.8, 1.5 Hz, 1 H, 5-H), 8.13 (d~= 7.6 Hz, 1 H, HN), 12.65 (s, 1 H, NH, 3-
H). °C NMR (101 MHz, DMSOds) J ppm 24.3, 25.1, 32.2, 34.1, 47.9, 119.9, 125.6,7,2
125.9, 134.5, 148.2, 155.3, 161.0, 165.8; FTMS YE8Iz 318.1277 [M+H], calcd for
C16H19N3028: 318.1271.

4.3.15.N-CyclohexylN-methyl-2-((4-ox0-3,4-dihydroquinazolin-2-yl)thiajatamide 90):
Yield 52%; m.p.: 184.2 — 185.2 °C; HPLC 97%% 17.43 min);"H NMR (400 MHz, DMSO-
ds) Oppm 1.07-1.11 (m, 2 H), 1.25-1.35 (m, 4 H), 1.4871(m, 5 H), 1.48-1.57 (m, 4 H), 1.72-
1.78 (m, 5 H), 2.74 and 3.01 (s, 2x N§}B.78 and 4.21 (m, 2x CH), 4.23 and 4.34 (s, Bk)C
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7.40-7.48 (m, 4x ArH), 7.74-7.79 (m, 2x ArH), 8.@#4 J = 8.1, 2x ArH), 12.61 (s, 1 H, 2x HN).
13C NMR (101 MHz, DMSOdg) dppm 24.7, 24.9, 25.1, 25.2, 27.2, 29.1, 29.6,,38821, 34.0,
52.5, 56.1, 119.9, 125.5, 125.6, 125.7, 125.8,9,2626.0, 134.5, 134.6, 148.2, 148.3, 155.2,
155.5, 161.0, 166.3; FTMS (ESI) m/z 332.1419 [M¥%Hhlcd for G/H2oN30,S: 332.1427.

4.3.16.N-(2-Methylcyclohexyl)-2-((4-oxo-3,4-dihydroquinaz®i2-yl)thio)acetamide 9p):
Yield 55%; m.p.: 230.2 — 232.8 °C; HPLC 918 17.03 and 17.17 minH NMR (400 MHz,
DMSO-ds) oppm 0.81 J = 6.6 Hz, 3 H), 0,93-1.02 (m, 1 H), 1.10-1,39 @), 1.59 (dJ =
11.2 Hz, 1 H), 1.69 (q] = 13 Hz, 2 H), 3.23-3.29 (m, 1 H), 3.89-4.01 (nKIR 7.42 (tJ=7.5
Hz, 1 H), 7.50 (dJ =8.1 Hz, 1 H), 7.77 (] = 7.6 Hz, 1 H), 8.04 (dl = 8.1 Hz, 2 H), 12.66 (s, 1
H). *C NMR (101 MHz, DMSOds) dppm 19.0, 25.0, 25.3, 32.7, 33.8, 34.1, 37.2, 45628,
119.9, 125.6, 125.8, 126.0, 134.5, 148.3, 155.4,.016166.1; FTMS (ESI) m/z 332.1414
[M+H] +; calcd for G/H21N30O,S: 332.1427.

4.3.17.N-(3-Methylcyclohexyl)-2-((4-oxo-3,4-dihydroquinaaoi2-yl)thio)acetamide q0):
Yield 35%; m.p.: 219.2 — 223.2 °C; HPLC 94%< 17.24 and 17.47 min); 1H NMR (400 MHz,
DMSO-ds) d ppm 0.71-0.90 (m, 7 H), 1.00-1.10 (m, 1 H), 1.2B91(m, 2 H), 1.35-1.51 (m, 2
H), 1.58 (dJ=12.5Hz, 1 H), 1.75 (d = 11.7 Hz, 2 H), 3.52-3.54 (m, 1 H), 3.91 (s, 2 H%2

(t, J=8.1, 1 H), 7.50 (d) = 8.1 Hz, 1 H), 7.77 () = 7.7 Hz, 1 H), 8.04 (d] = 8.1 Hz, 1 H),
8.12 (d,J = 7.1 Hz, 1 H), 12.64 (s, 1 H}’C NMR (101 MHz, DMSOds) J ppm 22.2, 24.4,
31.3, 31.9, 33.8, 34.2, 41.2, 48.3, 120.0, 12526,8, 126.0, 134.4, 148.3, 155.3, 161.0, 165.9;
FTMS (ESI) m/z 332.1415 [M+H] calcd for G/H21N30,S: 332.1427.

4.3.18.N-(4-Methylcyclohexyl)-2-((4-oxo-3,4-dihydroquinaz®i2-yl)thio)acetamide qr):
Yield 45%; m.p.: 199.2 — 200.8 °C; HPLC 90% 17.23 min);"H NMR (400 MHz, DMSO-

ds) dppm 0.80 (dJ = 6.6 Hz, 3 H), 0.84 (d] = 6.6 Hz, 1 H), 0.89-0.99 (m, 1H), 1.14-1.23 (m, 4
H), 1.39-1.48 (m, 6 H), 1.55-1.65 (m, 3 H), 1.77J¢ 11.0 Hz, 1 H), 3.5 (m, 1 H)4.2 (s, 2 H),
7.3-74 (m,3H), 74 Y=73Hz,2H), 7.6 (d)=88Hz, 1 H), 7.7 (1) =8.2 Hz, 1 H), 7.8
(dd,J=11.1,8.2 Hz, 1 H), 7.9 (d,= 8.8 Hz, 1 H), 8.0 (d] = 8.1 Hz, 1 H), 8.3 (s, 1 H), 10.6 (s,
1 H), 12.7 (s, 1 H)**C NMR (101 MHz, DMSOds) J ppm 35.2, 115.3, 119.8, 119.9, 124.6,
125.7, 125.8, 126.0, 126.4, 127.3, 127.4, 128.9,812133.4, 134.6, 136.5, 148.2, 155.3, 161.1,
166.1; FTMS (ESI) m/z 332.1414 [M+H]calcd for G/H21N30,S: 332.1427.

4.3.19.N-(trans-4-Methylcyclohexyl)-2-((4-oxo-3,4-dihydroquinazol#ryl)thio)acetamide 99):
Yield 59%; m.p.: 223.4 — 225.8 °C; HPLC 91%= 17.29 min);lH NMR (400 MHz, DMSO-
de) dppm 0.85 (d)J = 6.6 Hz, 3 H), 0.92-0.99 (m, 2 H), 1.13-1.23 @rH), 1.26-1.35 (m, 1 H),
1.65 (d,J = 11.7 Hz, 2 H), 1.76 (dl = 11.0 Hz, 2 H), 3.47-3.50 (m, 1 H), 3.91 (s, 2 H%2 (tJ
=8.1Hz,1H),7.49 (d=8.1Hz, 1H), 7.77 (tdl=7.7, 1.5 Hz, 1 H), 8.03 (dd,= 8.1, 1.5 Hz,

1 H), 8.11 (dJ = 7.1 Hz, 1 H), 12.65 (s, 1 H)*C NMR (101 MHz, DMSOds) & ppm 22.0,
31.3, 32.1, 33.4, 34.1, 48.2, 119.9, 125.6, 12828,9, 134.5, 148.3, 155.3, 161.0, 165.9; FTMS
(ESI) m/z 332.1433 [M+H] calcd for G/H21N30,S: 332.1427.

4.3.20. N-Cyclopentyl-2-((4-ox0-3,4-dihydroquinazolin-2-yi)b)acetamide 9qt): Yield 60%;
m.p.: 214.5 — 242.9 °C; HPLC 98% € 16.38 min);"H NMR (400 MHz, DMSOds) J ppm
1.38-1.41 (m, 2 H), 1.47-1.51 (m, 2 H), 1.57-1.64 @ H), 1.73-1.81 (m, 2 H), 3.90 (s, 2 H),
3.95-4.03 (m, 1 H), 7.41 (td,= 8.1, 1.5 Hz, 1 H), 7.48 (d,=8.1 Hz, 1 H), 7.76 (tdl= 8.4, 1.5
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Hz, 1 H), 8.02 (ddJ = 8.1, 1.5 Hz, 1 H), 8.20 (d,= 7.1 Hz, 1 H), 12.64 (s, 1 Hy’C NMR (101
MHz, DMSO-dg)  ppm 23.3, 32.1, 34.0, 50.6, 119.9, 125.6, 125%,9, 134.5, 148.2, 155.3,
161.0, 166.2; FTMS (ESI) m/z 304.1119 [M+Hgalcd for GsH17NsO,S: 304.1114.

4.3.21.N-Cycloheptyl-2-((4-ox0-3,4-dihydroquinazolin-2-yljb)acetamide qu): Yield 76%;
m.p.: 223.0 — 223.3 °C; HPLC 97% & 17.26 min);"H NMR (400 MHz, DMSOds) J ppm
1.33-1.55 (m, 10 H), 1.75-1.16 (m, 2 H), 3.72-3(i# 1 H), 3.91 (s, 2 H), 7.42 (td,= 8.0, 1.2
Hz, 1 H), 7.49 (d)=8.1 Hz, 1 H), 7.77 (td = 8.4, 1.5 Hz, 1 H), 8.01 (dd,= 7.8, 1.5 Hz, 1 H),
8.16 (d,J = 7.8 Hz, 1 H), 12.65 (s, 1 H}°C NMR (101 MHz, DMSOds) J ppm 23.6, 27.7,
34.0, 50.0, 119.9, 125.6, 125.7, 125.9, 134.5, 214855.3, 161.0, 165.5; FTMS (ESI) m/z
332.1432 [M+HT; calcd for G/H21N30,S: 332.1427.

4.3.22. N-Benzyl-2-((4-ox0-3,4-dihydroquinazolin-2-yl)thi@atamide 9v): Yield 41%; m.p.:
188.8 — 191.6 °C; HPLC 96%g(E 16.32 min)"H NMR (400 MHz, DMSOeég) dppm 4.03 (s,
2H), 431 (dJ=6.1Hz, 2 H), 7.18-7.26 (m, 5 H), 7.41-7.48 @), 7.77 (tdJ = 7.7, 1.5 Hz,
1 H), 8.04 (ddJ = 7.8, 1.5 Hz, 1 H), 8.71 (8, = 5.7 Hz, 1 H), 12.64 (s, 1 H)*C NMR (101
MHz, DMSOds) oppm 33.7, 42.4, 119.9, 125.6, 125.9, 126.6, 12&8,1, 134.5, 139.0, 148.2,
155.1, 161.0, 166.9; FTMS (ESI) m/z 326.0924 [M*Hhlcd for G7H1sN30,S: 326.0958.

4.3.23.N-(Cyclohexylmethyl)-2-((4-oxo0-3,4-dihydroquinazoliiyl)thio)acetamide 9w): Yield
46%; m.p.: 231.0 — 231.9 °C; HPLC 97% % 17.20 min);"H NMR (400 MHz, DMSOdg) J
ppm 0.78-0.87 (m, 2 H), 1.05-1.10 (m, 3 H), 1.3801(m, 1 H), 1.57-1.64 (m, 5 H), 2.93 Jt~
6.4 Hz, 2 H), 3.93 (s, 2 H), 7.42 (t8i= 8.1, 1.5 Hz, 1 H), 7.50 (d,= 8.1 Hz, 1 H), 7.76 (td] =
7.7, 1.5 Hz, 1 H), 8.03 (dd,= 7.8, 1.2 Hz, 1 H), 8.15 (8,= 7.8 Hz, 1 H), 12.64 (s, 1 HYC
NMR (101 MHz, DMSOe€s) dppm 25.2, 25.8, 30.2, 33.8, 37.4, 45.1, 119.9,68,2825.8, 125.9,
134.4, 148.2, 155.2, 161.0, 166.7; FTMS (ESI) n82.3432 [M+HT; calcd for G7H21N3O5S:
332.1427.

4.3.24. 9H-N-(1-Cyclohexylethyl)-2-((4-oxo-3,4-dihydroquinazolR-yl)thio)acetamide  9X):
Yield 59%; m.p.: 232.5 — 236.7 °C; HPLC 91%= 17.42 min);"H NMR (400 MHz, DMSO-

ds) Oppm 0.84-1.13 (m, 7 H), 1.01 (@~ 6.8 Hz, 3 H), 1.22-1.26 (m, 1 H), 1.54-1.69 @Hl),
3.58-3.67 (m, 1H), 3.89 (d,= 149 Hz, 1 H), 3.98 (dl = 149 Hz, 1 H), 742 (1 = 7.5 Hz, 1

H), 751 (dJ=8.1Hz,1H),7.77 (=7.1Hz, 1 H), 7.97 (d = 7.8 Hz, 1 H), 8.04 (d] = 8.6

Hz, 1 H), 12.65 (s, 1 H)"*C NMR (101 MHz, DMSOds) & ppm 17.5, 18.4, 25.6, 25.8, 28.5,
28.7, 34.0, 42.4, 49.0, 56.0, 119.5, 119.9, 12826, 8, 125.9, 134.5, 148.2, 155.3, 161.0, 166.1;
FTMS (ESI) m/z 346.1577 [M+H] calcd for GgH23N30,S: 346.1584.

4.3.25. R)-N-(1-Cyclohexylethyl)-2-((4-0x0-3,4-dihydroquinam-2-yl)thio)acetamide 9y):
Yield 82%, m.p.:217.2 — 217.9 °C; HPLC 91%= 17.81);'"H NMR (400 MHz, DMSOsg) J
ppm 0.83-0.95 (m, 2 H), 1.00 (@~ 6.8 Hz, 3 H), 1.03-1.16 (m, 2 H), 1.23-1.29 (i)l 1.53-
1.69 (m, 5 H), 3.57-3.64 (m, 1 H), 3.89 §¢514.9 Hz, 1 H), 3.98 (A} = 14.9 Hz, 1 H), 7.42 (1]
=7.5Hz,1H), 750 (d=8.1Hz, 1 H), 7.77 (1 = 7.6 Hz, 1 H), 7.97 (dl = 7.8 Hz, 1 H), 8.04
(d,J = 8.6 Hz, 1 H), 12.66 (s, 1 H*C NMR (101 MHz, DMSQdg) J ppm 17.5, 25.6, 25.8,
28.5, 28.7, 34.0, 42.4, 49.0, 119.9, 125.6, 12B28,9, 134.5, 148.2, 155.3, 161.0, 166.0; FTMS
(ESI) m/z 346.1606 [M+H]; calcd for GgH23N30,S: 346.1584.
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687  4.3.26. 2-((2-Oxo-2-(piperidin-1-yl)ethyl)thio)quamolin-4(3H)-one Q2): Yield 72%; m.p.:
688 118.5—121.0 °C; HPLC 98%gE 16.34 min)"H NMR (400 MHz, DMSOdgs) dppm 1.46 (m,
689 2 H), 1.62 (m, 4 H), 3.55 (m, 2 H), 3.51-3.56 (MR 4.29 (s, 2 H), 7.42 (1 = 7.5 Hz, 1 H),
690 7.50 (d,J = 8.1 Hz, 1 H), 7.76 (] = 7.2 Hz, 1 H), 8.04 (d] = 7.6 Hz, 1 H), 12,62 (s, 1H)C
691 NMR (101 MHz, DMSO€s) oppm 23.8, 25.2, 26.0, 33.3, 42.7, 46.6, 119.9,8,2825.8, 126.0,
692 134.5, 148.2, 155.4, 161.0, 165.0; FTMS (ESI) n94.3117 [M+HJ; calcd for GsH17N30,S:
693  304.1140.

694

695 4.4 Mycobacterium tuberculosisinhibition assay

696 The measurement of the minimum inhibitory concemra (MIC) for each tested
697 compound was performed in 96-well U-bottom polysty microplates. Isoniazid (positive
698 control) and the compound solutions were preparéd 1a mg/mL concentration in
699 dimethylsulfoxide (DMSO). They were diluted in Migdrook 7H9 medium containing 10%
700 ADC (albumin, dextrose, catalase) to a concenmatetween 10 and 50 pg/mL of each
701 compound containing 5% DMSO. Serial two-fold diuts of each drug in 100 pL of
702 Middlebrook 7H9 medium containing 10% ADC were @egul directly in 96-well plates at
703  concentration ranges of 25.0 to 0.05 pg/mL, 10.@.@2 pg/mL, or 0.02 to 0.0004 pg/mL.
704  Growth controls containing no antibiotics, and iercontrols without inoculation, were
705 included. The MIC was determined fbt. tuberculosis H37Rv ATCC 27294 reference strain
706  (American Type Culture Collection, Rockville, Mdand for the clinical isolates CDCT10
707  (1009/09), CDCT16 (630/08), CDCT27 (0128/09) andGJdR8 (1051/10). Mycobacterium
708  strains were grown in Middlebrook 7H9 containingd@ADC (oleic acid, albumin, dextrose
709 and catalase) and 0.05% Tween 80. The cells wetexanl with sterile glass beads (4 mm) for 5
710 min to disrupt any clumps and were allowed to sdtit 20 min. The supernatant was measured
711 spectrophotometrically at an absorbance of 600 Hine Mtb suspensions were divided into

712 aliquots and stored at —20 °C. Each suspensionagpsopriately diluted in Middlebrook 7H9

713 broth containing 10% ADC to achieve an optical dgnst 600 nm of 0.006, and 100 puL was
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added to each well of the plate except the steaidrols. A 2.5% DMSO final concentration was
maintained in each well. The plates were coveredlesl with parafilm, and incubated at 37 °C.
After 7 days of incubation, 60 pL of 0.01% resaagolution was added to each well, and the
samples were incubated for an addition 48 h at@716, 17]. A change in color from blue to

pink indicated bacterial growth, and the MIC waéirte as the lowest drug concentration that
prevented the color change. Three tests were peefbrindependently, and the MIC values
reported here were observed in at least two exgatsn or they were the highest values

observed among the three assays.

4.5 Cytotoxicity investigation

Cellular viability determination after incubatiovith the test compounds was performed
by using two different methods: the neutral redaiptassay [20] and the MTT method [10].
Briefly, HepG2, HaCat, and Vero cells were grownDMEM media (Dulbecco's Modified
Eagle Medium) supplemented with 10% inactivatedalfdtovine serum and 1% antibiotic
(penicillin—streptomycin). Cells were seeded at 20%(HepG2 or HaCat) or 1 x i@ells/well
(Vero) in a 96-well microtiter plate and incubafed 24 h. The medium was carefully aspirated
and replaced with 9GL DMEM, and 10uL of the different treatment drugs, resulting ifireal
concentration of 1Qg/mL (DMSO 2%, v/v). Test compounds were incubatéth the cell lines
for 72 h at 37C under 5% CQ@ For the MTT assay, the cultures were incubatetth MTT
reagent (1 mg/mL) for 3 h. The formazan crystalsendried in room temperature for at least 24
h and dissolved in DMSO. The absorbance was mehsatréb95 nm (Spectra Max MZ2e,
Molecular Devices, USA). The precipitated purpleriazan crystals were directly proportional

to the number of live cells with active mitochoradri
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For the neutral red assay, after 72 h of incubatiith the compounds, cells were washed
with PBS before the addition of 25Q of neutral red dye solution (3m/mL, Sigma) prepared
in serum-free medium. The plate was incubated diditeonal 3 h at 37 °C under 5% GQAfter
incubation, cells were washed with PBS followedrmubation with 10Q.L of a desorb solution
(CH3;COOH/EtOH/HO, 1:50:49) for 30 min with gentle shaking to egtraeutral red from the
viable cells. The absorbance was analyzed at 540usimg a microtiter plate reader. The
percentage of cell viability for treated groups weysorted considering the control wells (DMSO
2%-treated) as 100% of cell viability: cell viabjli (%) = (absorbance of treated
wells/absorbance of control wells) x 100. Data werpressed as mean of cell viability +
standard error of mean of three independent expatsnperformed in triplicate. The statistical
analysis was accomplished by one-way analysis w&wee, followed by Bonferroni’'s post-test,
using GraphPad Prism 5.0 software (San Diego, CAA)J Differences were considered

significant at the 95% level of confidence.

4.6 Treatment and Zebrafish embryo maintenance

Zebrafish embryos (AB strain) were obtained fronturel mating of adulDanio rerio
bred and maintained in an automated re-circulati@mdc system (Tecniplast, Italy) [22]. After
spawning, viable embryos were collected and maiethiin sterile petri dishes, kept in an
incubator with light-dark cycle of 14-10and controlled temperature (ZB) [22]. At 2hpf
(hours post-fertilization) embryos were treated hwidifferent concentrations (3.0, 1&6d
20.0uM) of 3,4-dihydroquinazolin-4-one3n, 9p-s, 9u and9w until 5 dpf. All compounds were
diluted in 100% DMSO for stock solutions and ditbten fish water (Reverse Osmosis

equilibrated with Instant Ocean Salt) to final centzations of 3.0, 158nd 20.QuM (diluted in
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1% DMSO). Since compounds were diluted first in DD Shere were two control groups for
each treatment: one with fish water only and thesotith 1% DMSO. Survival and hatching
efficiency were monitored daily under a stereonscape (Nikon, Melville, USA). All protocols
were approved by the Institutional Animal Care Cadttera from Pontifical Catholic University

of Rio Grande do Sul (CEUA-PUCRS, permit number9j24

4.6.1 Morphological evaluation

Morphological evaluation larvae were monitored ylaihd registered at 2 and 5 dpf under
a stereomicroscope (3x) (n = 30) The body length)(jocular distance (um) and surface area of
the eyes (U was measured after photographical registratiomguthe software NIS-Elements
D 3.2 for Windows, supplied by Nikon Instruments.liiMelville, USA). The body length was
considered as the distance from the center of anteethe tip of the tail bud. The ocular distance
was assumed to be the distance between the ingerbstween the two eyes, and the size of the

eyes was assumed as the surface area of the &yes [2

4.6.2 Cardiotoxicity and cardiac evaluation
Animals were analyzed for heartbeat rate at 2 zadgf under a stereomicroscope (n =
30). Treated larvae and controls were placed in gethes with mineral water and their heart

rate was monitored for 60 s. For all procedureaptrature was kept stable at 28 °C [24].

4.6.3 Neurotoxicity and exploratory behavior evéla
Five-day-old larvae were placed individually iR4&well plate filled with 3 mL of water

or respective solution treatment for exploratoryf@enance analysis during a 5 min session
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following 1 min acclimation [28]. The performancesvvideo-recorded for automated analysis
using EthoVision XT software (version 11.5, Noldushich is able to track the swimming
activity of the animals at a rate of 15 positiores pecond. Total distance travelled (cm) was

considered the parameter of exploration of a nevir@mment [23].

4.6.4 Statistical analysis for Zebrafish assays
Survival and hatching rate throughout the five dafsexperimental treatment was
analyzed by Kaplan-Meier test. Data of heartbe@t raorphological evaluation and exploratory

behavior were evaluated using one-way ANOVA follaviy post-hoc Tukey’s test.

Supporting Information

'H and**C NMR spectra of compounds, aqueous stability itigason, andMIC values from
three independent experiments (Lg/mLhis material is available free of charge and can b

obtained via the Internet.
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Highlights:

Compounds with minimum inhibitory concentration (MIC) values in the submicromolar

range

Activity against drug-susceptible and drug-resistant Mycobacterium tuberculosis strains

Compounds devoid of apparent toxicity to HepG2, HaCat, and Vero cells

Low risk of cardiac toxicity, no signals of neurotoxicity or morphological alteration in

zebrafish models.



