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salicylanilide motif

(antimycobacterial)
R'=H, CI

R?=H, F, Cl, Br, CF3

carbamate moiety
(improving properties)
R3=cyclohexyl, Ph, Bn,
phenethyl, adamantan-1-yl

Potent antimycobacterial activity

M. tuberculosis H37Rv: MIC from <0.5 pM

MDR- and XDR-TB strains: MIC from 0.5 yM

nontuberculous mycobacteria: MIC from <0.79 yM
Mild inhibition of mycobacterial isocitrate lyase
Mostly non-cytotoxic compounds
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Abstract

The research of novel antimycobacterial drugs sspes a cutting-edge topic. Thirty phendile
monosubstituted carbamates, derivatives of sahdyd@s and 4-chlorophenol, were investigated
against Mycobacterium tuberculosis Hsz7Ra, H7/Rv including multidrug- and extensively drug-
resistant strainsMycobacterium avium, Mycobacterium kansasii, Mycobacterium aurum and
Mycobacterium smegmatis as representatives of nontuberculous mycobadtEiid1) and for their
cytotoxic and cytostatic properties in HepG2 celtince salicylanilides are multi-targeting
compounds, we determined also inhibition of mycodr@al isocitrate lyase, an enzyme involved in
the maintenance of persistent tuberculous infecfidre minimum inhibitory concentrations were
from <0.5 uM for both drug-susceptible and resistdntuberculosis and from<0.79 uM for NTM
with no cross-resistance to established drugs. presence of halogenated salicylanilide scaffold
results into an improved activity. We have veriftbdt isocitrate lyase is not a key target, presgnt
carbamates showed only moderate inhibitory actiy to 18% at a concentration of LM).
Most of the compounds showed no cytotoxicity fopBe€ cells and some of them were without
cytostatic activity. Cytotoxicity-based selectivitydexes of several carbamates Nartuberculosis,
including resistant strains, were higher than 1tBbis favouring some derivatives as promising
features for future development.

Keywords
antimycobacterial activity; carbamate; cytotoxicitpulti-targeting; Mycobacterium tuberculosis;
salicylanilide



1. Introduction

The development of novel antimicrobial agents re@més an essential public health topic.
Tuberculosis (TB), a severe infectious contagioisgabe caused kvlycobacterium tuberculosis
(Mtb.) complex is one of the leading causes of morbiditgy mortality worldwide. According to the
World Health Organization, TB remains a global egeecy. In 2017, an estimated 10.3 million
people fell ill with TB, and approximately 1.3 nidlh HIV-negative people died from this disease.
HIV and TB co-infection as well as development oligiresistant TB forms have brought
additional problems. There were an estimated 588@v cases of rifampicin (RIF)-resistant and
multidrug-resistant tuberculosis (MDR-TB). MDR-TBortsists ofin vitro resistance to both
isoniazid (INH) and rifampicin, the two most effieet first-line oral drugs. XDR-TB was defined as
an MDR-TB plus resistance to at least one drugaih 2ssential classes of medicines used in an
MDR-TB regimen: fluoroquinolones and second-linedtgble drugs (amikacin, capreomycin, and
kanamycin): Their treatment is more challenging with limitéetapeutic possibilities.

Ubiquitous nontuberculous (also called atypical) cobacteria (NTM) are recognised more
frequently as causative agents of serious oppaticriiuman infections in both immunocompetent
and immunocompromised patients. They affect varitgsues including respiratory tract, skin,
joints, bones and soft tissues. Their inciden@xsected to continue to increase at least up t6.205
There are multiple reasons for this fact, includimgghtened awareness, better diagnostics, an
increased number of vulnerable hosts and increasiedical tourism. Their very long treatment
requires administration of multiple drugs in condtian, but there is a high level of both intrinsic
and acquired resistance. That is why the curreatrinent regimens have only a limited efficacy and
the outcome is poor. Unfortunately, many NTM cases misdiagnosed as TB, however the
treatment of NTM caused diseases is not like thaiBo*>*

To achieve a global control against epidemics sistant mycobacterial strains, there is an urgent
need for development of novel drugs. Ideally, tis&puld avoid any cross-resistance to current
therapeutic options.

Carbamate bond has been highlighted in medicinaimdstry as both drugs and prodrugs. This
structure motif has been incorporated in many méscof various indication classes in clinical
practice, illustratively antiviral, antiparasitic oentral nervous system targeting drugs. Generally
carbamate functional group provides sufficient cioain stability and capability to increase
permeability across biological membrafieéSarbamates have been involved in prodrug design of
phenolic compounds frequently. They are more stabl®ards enzymatic hydrolysis than
corresponding esters of carboxylic acids.

Diverse carbamates have been proposed and evahmotential antimycobacterial agents active
against not onlyMth.”#?1%1112 bt also NTM like highly chemoresistarilycobacterium
abscessus®, Mycobacterium avium and Mycobacterium kansasii’'® for some of them truly
promising results were reported. They have bees tbinhibit also MDR- and XDR-TB straifs.
Carbamates obtained from salicylanilides (2-hydsbixghenylbenzamides) have shown, e.g.,
significant antimycobacterial propertiés® activity against Gram-positive bacteria including
methicillin-resistant Saphylococcus aureus’®® yeasts and fungi®® or inhibition of
acetylcholinesterase and butyrylcholinesterdse.Importantly, they provided a bettén vitro
antitubercular activity concomitantly with a reddceytotoxicity and improved physicochemical
properties (e.g., low lipophilicity required for gmve diffusionvia cellular membranes), i.e., the
main disadvantages of their parent salicylanilidepounds?®

Salicylanilide-based molecules have been reportedinibitors of many bacterial and/or
mycobacterial enzymes targeting various metabaltbyways and physiological functiorsAla-D-

Ala ligasé’, transglycosylasé'® isocitrate lyase and methionine aminopeptitfase-alanine
dehydrogenase, lysireaminotransferase, chorismate mutase, pantothegatketas® or they are
able to disrupt proton gradient as uncoupfétdowever, there is no one “leading” target identifi

as crucial for anti-TB activity and, likely, themntimycobacterial properties are a result of
interaction with multiple cellular proteins andwsttures. This “multi-targeting” nature may provide
a benefit of more difficult development of an aggdiresistance.
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Keeping in mind especially a breakthrough stud§érriz et al.” reporting salicylanilideN-n-alky!
carbamates highly active against MDR-TB straindhvatinimum inhibitory concentrations (MIC)
from 05 uM, we completed synthetically the seriesf our phenolic N-
cycloalkyl/phenyl/phenylalkyl carbamatés® and investigated them against various mycobatteria
strains and HepG2 cell line. We have identifiedcgé&dnilide derivatives as inhibitors of isocitrate
lyase; that is why we also evaluated theirvitro potency to inhibit this mycobacterial enzyme
involved in the maintenance of laten@y®23%42°

2. Results and discussion

2.1 Chemistry

The synthetic overview is depicted in Schen€irst, salicylanilides were obtained by treatmeint
salicylic or 5-chlorosalicylic acid with appropreaanilines in the presence of phosphorus trichdorid
under microwave irradiatioff.

5-Chloro-2-hydroxyN-[4-(trifluoromethyl)phenyl]lbenzamide was convertednovel carbamates

by a reaction with commercially available isocyasafl.1 of equivalents) in the presence of 1 eq.
of triethylamine. Dry acetonitrile was employedaasolvent. The reaction time was 2 hours at rt,
only the preparation of adamantan-1-yl isocyadateequired 8 h under reflux conditions. Yields
ranged from 70 to 94%, symmetrical 1,3-disubstituteeas resulting from isocyandtesvere
observed as side products in the case of phenYls&gyanates and especially phenyl isocyanate,
but not for cyclohexyl isocyanate. Salicylanilideabing Cl group was chosen since it and also its
derivatives have shown the most potent anti-TBvigtin our previous studie%?2%-#123.2428rhg
synthesis and characterization of the carbam&t®s5 and 6 were reported previously by our
group**°To evaluate an influence of halogenation on biislaigactivity and also the contribution
of 2-[N-(substituted phenyl)carbamoyl] moiety, we alsoluded non-halogenated salicylanilide
carbamate$ and corresponding “simplified” 4-chlorophenyl cantatess, respectively. The parent
salicylanilides of here presented derivatives demiical to salicylanilides involved in our prevsou
study dealing withN,N-disubstituted carbamates to allow the direct campa of these both

groups™®
R COOH /©/
HoN

T 0, o @%

OH R2 MW PhCI

R2

@) /©/ tertiary /©/
;
R N . O\\C\\ R amlne

H N Various
OH

solvents

e @
NI -R 3
OH N TMeoN )J\ -R

Scheme 1Synthesis of salicylanilides, salicylanilide cartﬁesl—5 and 4-chlorophenyl carbamates
6 [R' = H, Cl; R = H, Cl, Br, F, CE: R® = cyclohexyla, phenylb, benzylc, phenethyld,
adamantan-1-y& MW: microwave irradiation (530 W, 600 rpm, 22 mifhClI: chlorobenzene;
MeCN: acetonitrile; EN: triethylamine].

The design of the carbamic part of these moledslesitlined in Schem@. Férrizet al.” identified
salicylanilide N-hexylcarbamates as the most active agaWii. Thus, we can obtain by an
imaginary cyclization of this substituentl-cyclohexylcarbamatesa. Their dehydrogenation
provides phenylcarbamatds which can also be homologues of highly antitubkerc active
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salicylanilide benzoatés?® derivedvia an incorporation of -NH- group between ester aheny!
moiety. Benzyl- and phenethylcarbamatesnd d are higher homologues of phenylcarbamates
obtained by an elongation of the linker connecptanar aromatic portion with a more hydrophilic
carbamate functional group. Adamantane moleculebéraatese) represents one of the frequent
and proved scaffolds for anti-TB drugs used foufficient lipophilicity control?®

The new compounds were characterized by meltingtpolR and NMR spectra; the purity was
checked by the thin-layer chromatography and el¢éaheanalysis. In the IR spectra, sharp and
strong bands appear at around 1710-1722 @arbamic C=0) and 1659-1668 (amide I). Amide II
bands were present at 1522-1536"ciMost of the derivatives displayed also two cheaiisible
N—H stretch bands (3261-3336 ¢n

In some NMR spectra, we observed the existencavofrotamers gyn/anti) due to a hindered
rotation of C-N “pseudo-double” bond. For the camb#es, this phenomenon is well known.
Secondary carbamates usually predati-conformatior”, The existence of two distinct rotamers
was the most pronounced in the spectra of the phydoarbamatéd; the ratio of the dominant and
minority conformer was approx. 100:18.

All of the derivatives investigated in this stucde a;ummarized in Table

0 = _'__R2
Cl -
H cycllzatlon
 —
PPN

0 removal of
3 phenylcarbamoyl
moiety

Iz

1-5|-|

Férriz et al.” (R'=3-Cl, 4-Cl, 3,4-Cl,)
(de)hydrogenation,

pe
\d‘\ NH group Rt Q/ extension R’
|nsert|on of the Imker
)\©\X \©
Kratky et al.?® (R'=Br, Cl: R>=4-CF;, 1.5 1_5

3,4-Cly; X=H, Br, CH3, CF3, NO,)
Scheme 2.Design of antimycobacterial salicylanilide5 and phenolic carbamatés (structural
modifications-new fragments are highlighted usihglzolour)

removal of
phenylcarbamoyl
m0|ety

2.2 Antimycobacterial activity

Initially, salicylanilide and 4-chlorophenol-basedrbamated-6 were investigatedh vitro against
mycobacteria actively growing in culturévitb. 331/88 (i.e., H/Rv), three NTM strains —
Mycobacterium avium 330/88,M. kansasii 235/80 and\V.. kansasii 6509/96 (a clinical isolate). 4-
Chlorophenol, isoniazid (INH), the first-line aitB drug, andp-aminosalicylic acid (PAS) as a
structurally similar compound were involved as tikerence compounds for comparison.
Presented\-cycloalkyl/phenyl/phenylalkyl carbamates6 (Table 1) did not exhibit a uniform
behaviour. This group should be divided into twoghly active halogenated salicylanilide
derivatives 1-4 (MIC values of<0.5 to 62.5 puM) and, on the other hand, non-halatgeh
salicylanilide carbamatestogether with slightly less potent 4-chlorophecgtbamate$ (MIC of
62.5 to 1000 pM).

In generalMtb. is more susceptible than NTM. It was inhibitedthg carbamates-4 with MIC up
to 16 puM with trifluoromethyl derivativet§, 4b, 4d and4e€) superiority £€1 uM). This activity is
comparable to INH. Non-halogenated salicylanilidebamate$ led to a single MIC of 125 uM,
while 4-chlorophenyl derivatives inhibited thisastr at 62.5-500 uM witibe superiority. MIC for
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atypical mycobacteria of the first group of derivas ranged from 2 to 62.5 uM, for the second one
of 125-1000 uM. The highest activity was found four carbamates agaidd, 4b, 4d, 4e 2-8
uM), followed by brominated derivatives The activities againg¢l. avium and two strains oM.
kansasii were comparable (xone dilution). Usually, salicyie derivatives have supressit
kansasii stronger (e.”) thanM. avium. All of the salicylanilide carbamatds5 and some of the
carbamate$ exhibited lower MIC than INH against INH-resistasitains ofM. avium and M.
kansasii 235/80. A major part of phenolic derivativeta{2e 3b, 3d-4€) showed an activity
comparable to INH against the clinical isolate Mf kansasii (6509/96). All halogenated
compoundsl-4 exhibited a significantly better activity agaimdtb. than PAS (up to >125 times),
whereas other investigated derivatives were usgalfgparableq, adamantane-based molecé&

to this second-line anti-TB drug. The carbamdt&sshowed also identicaB€) or the remaining
ones even substantially lower MIC values Mr avium, especially after 3 weeks of incubation.
lllustratively, the derivativéle more than 31 times more potent than PAS. Additlgnboth strains
of M. kansasii were dramatically more susceptible to halosalimjilde carbamate&-4 than to PAS
(up to >250 times). With one exception, also nologpnated salicylicc and 4-chlorophenyl
carbamate$ produced a better growth inhibition bf. kansasii 235/80 after 2 and 3 weeks of
incubation; the activities againkt. kansasii 6509/96 are comparable mutually (i.e., equal areto
dilution). Surprisingly, the modification of 4-chitgphenol with mild intrinsic antimycobacterial
properties (MIC>125 uM) to form more lipophilic carbamatésdid not result in any significant
improvement in activity.

Focusing on structure-activity relationships, fallog issues were identified:

1) The presence of the salicylanilide scaffolddsential for the low MIC values. The removal of 2-
[N-(substituted phenyl)carbamoyl] fragment to proviees lipophilic carbamates of 4-chlorophenol
(derivatives 6) led to significantly lower antimycobacterial pesgies (up to two orders of
magnitude).

2) The halogenation of the salicylanilide core andesponding increased lipophilicity are required
for the outstanding activity (compoundsA vs. 5) with CF; group superiority 4) for both Mtb.
H37Rv and NTM. Among particular halogens, fluorinerats the best one favitb. but not NTM,
where brominated derivatives led to the most pagemivth inhibition.

3) Carbamateg, 2 and5 obtained from 5-chloréd-(4-chlorophenyl)-2-hydroxybenzamidi;(4-
bromophenyl)-5-chloro-2-hydroxybenzamide and unsuwhed salicylanilide, respectively,
exhibited equal MIC values (xone dilution) despirbamicN-substituent. On the other hand,
among fluorine derivative8 and 4, N-benzyl compound€ showed a decreased activity when
compared to other carbamatBisAdamantan-1-yl groups€) represents the most convenient moiety
for 4-chlorophenyl carbamates.

Table 1. Antimycobacterial activity of the carbamate$

1
R N Cl 0
H PIE
0 0N
A H
o 6

.R?
N
1-5
MIC [uM]
R' R? R® 3??/388 M. avium M. kansasii 235/80 M. kansasii 6509/96  logP
14d 21d 14d 21d 7d 14d 21d 7d 14d 21d
la CI Cl Cyclohexyl 16 16 16 16 16 32 32 8 8 8 5.0
b CI Cl Phenyl 16 16 16 16 16 32 32 8 16 16 5.11
1c CI cCl Benzyl 16 16 8 16 8 8 16 4 8 8 5.18
id ClI Cl Phenethyl 8 16 8 8 8 8 16 4 8 8 5.46
le ClI Cl Adamantan-1-yl 16 16 16 16 8 16 16 8 16 16 5.28
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2a ClI  Br Cyclohexyl 8 16 8 16 4 8 8 4 8 8 5.27
2b CI Br Phenyl 8 16 8 16 4 8 8 4 8 8 5.38
2c CI  Br Benzyl 16 16 8 16 4 8 8 4 8 8 5.45
2d ClI  Br Phenethyl 8 8 8 8 4 8 8 4 8 8 5.73
2e ClI Br Adamantan-1-yl 8 8 8 8 4 8 8 4 8 8 5.55
3a CI F Cyclohexyl 4 8 32 32 16 32 32 16 16 32 4.60
3b CI F Phenyl 4 8 32 32 8 16 32 8 16 16 4.71
3c CI F Benzyl 8 16 62.5 62.5 16 32 32 16 32 32 4.78
3d CI F Phenethyl 4 4 32 32 8 16 16 8 16 16 5.06
3e CI F Adamantan-1-yl 4 4 32 32 8 8 16 8 8 16 4.88
4da ClI CK Cyclohexyl 1 1 8 8 4 4 8 2 4 4 5.36

4 ClI Ck Phenyl <0.E 1 8 8 4 4 4 2 4 4 5.48

4c ClI Ck Benzyl 2 4 32 32 8 16 16 8 16 16 5.54
4d ClI Ck Phenethyl <0.E 1 8 8 4 4 8 2 4 4 5.82

4e ClI CFR  Adamantan-1-yl <0.E 1 4 4 4 4 4 4 4 4 5.64
5a H H Cyclohexyl 125 125 125 125 125 250 250 125 250 0 25 3.88
5b H H Phenyl 125 125 125 125 125 250 250 125 250 250 0 4.
5c H H Benzyl 125 125 125 125 125 250 250 125 250 250 07 4.
5d H H Phenethyl 125 125 125 125 125 250 250 125 250 2501.35

5e H H Adamantan-1-yl 125 125 125 125* 125 125* 125* 125 250 250 4.16
6a - - Cyclohexyl 500 500 500 1000 250 500 1000 125 025 250 3.63
6b - - Phenyl 250 500 500 1000 125 250 500 125 250 5008.75

6C Benzyl 125 250 500 500 125 250 500 125 250 5003.82

6d - - Phenethyl 250 250 250 500 125 250 500 125 250 00 5 4.10
6e - - Adamantan-1-yl 625 125 125 250 125 125* 125* 512 125* 125* 3.91
4-Cl-phenol 125 250 >250 >250 250 >250 >250 125 250 >250 2.20
INH 0.5 1 >250 >250 >250 >250 >250 4 8 8 -0.60
PAS 62.5 625 32 125 125 1000 >1000 32 125 500 0.88

INH: Isoniazid; PAS:p-aminosalicylic acid; * at this concentration, tgewith of the sirain was observed; at duplex cotma&on, a precipitate

and/or a turbidity was present, therefore it watspassible to determine the exact MIC value.

Based on these promising data, we decided to extendommonly used panel of mycobacteria to
confirm an excellent wide-spectrum antimycobacteractivity against actively growing
mycobacteria. We involved/lycobacterium tuberculosis Hz;Ra ITM-M006710 and two NTM:
Mycobacterium aurum DSM 43999 andWlycobacterium smegmatis DSM 43465. Avirulent strain of
Mtb. is commonly used in screening showing comparabéellts to virulent strain with benefit
shown in lower risk of infection. Other two straiaie counted between fast growing mycobacteria
and their benefit is in generation time that is mgborter thaMtb. Three first-line oral anti-TB
drugs, INH, rifampicin (RIF) and ethambutol (EMBeme used as the standards. The results are
summarized in Tabl2.

Table 2 Activity of the carbamatek-6 against additional mycobacterial strains

MIC [ug/mL] (uM)

R' R? R® Mtb. Hy,Ra M. aurum M. smegmatis
48 h 72 h 120 h
la CI (I Cyclohexyl 3.125 1.56 1.56
1b CI Cl Phenyl 1.56 1.56 1.56
lc CI CI Benzyl 1.56 1.56 1.56
1d Cl cCl Phenethyl 1.56 1.56 1.56
le CI (I Adamantan-1-yl 3.125 3.91 3.91
2a ClI  Br Cyclohexyl 1.56 1.56 1.56
2b CI  Br Phenyl 1.56 1.56 1.56
2c CI  Br Benzyl 3.91 1.98 1.98
2d ClI  Br Phenethyl 0.78 (1.65) 1.56 3.125
2e ClI Br Adamantan-1-yl 1.56 1.56 3.125
3a CI F Cyclohexyl 3.125 1.56 3.91
3b ClI F Phenyl 3.125 1.98 1.98
3c CI F Benzyl 3.125 3.125 3.125
3d ClI F Phenethyl 3.125 3.125 3.125




3e CI F Adamantan-1-yl 0.99 (2.24) 1.98 1.98
4a ClI CHK Cyclohexyl <0.39 £0.88) <0.39 €0.88) <0.39 £0.88)
4b ClI CK Phenyl <0.39 €0.90) <0.39 £0.90) <0.39 £0.90)
4c ClI CR Benzyl <0.39 €0.87) <0.39 €0.87) 0.78 (1.74)
4d Cl CR  Phenethyl (8222:2122) <0.39 €0.84)  <0.39 (0.84)
4e ClI CRKR Adamantan-1-yl 0.99 (2.00) <0.39 €0.79) 1.98 (4.00)
5a H H Cyclohexyl 15.625 15.625 15.625
5b H H Phenyl 31.25 31.25 31.25
5c H H Benzyl 15.625 31.25 31.25
5d H H Phenethyl 15.625 31.25 31.25
5e. H H Adamantan-1-yl 250 >250 250
6a - - Cyclohexyl 500 >500 >500
6b - - Phenyl 7.81 15.625 15.625
6c - - Benzyl 31.25 125 125
6d - - Phenethyl 31.25 125 62.5
6e - - Adamantan-1-yl 62.5 >125 >125
0.125-0.25
INH (0.91-1.82) 3.91 15.625
0.0039-0.0078
RIF (0.005-0.009) 0.39 (0.47) 12.5-25
EMB 0.5 (1.80) 0.25 (0.90) 0.5 (1.80)

INH: 1soniazid; RIF: rifampicin, EMB: ethambutol.oF the most active compounds (MIC Tower than 1 [Ig/me calculated also MIC in pM for

direct comparison with values reported in Table 1.

Obviously, the carbamatés5 were also able to inhibit more mycobacterial sgaffectively:Mtb.
Hs7Ra, M. smegmatis andM. aurum. We confirmed the excellence of the compoundstguted by
CF; group (derivatives4) as well as significantly higher MIC values of roalogenated
salicylanilide carbamatésand 4-chlorophenyl carbamaigs

The most active derivatives are fully comparablsugerior to clinically used drugs INH and EMB
at low micromolar or even submicromolar concenbrati In contrast to INH and RIF, there were
no differences between MIC values of the carbamdiés against Mtb. and NTM strains
predominantly. Thus, we confirmed the broad-spectamtimycobacterial action of the investigated
carbamates. Interestingly, generally fewer activampounds 5-6 inhibited the additional
mycobacterial strains in this follow-up assay. @timaportant finding is that the activity our
compounds does not depend on the medium used doddtermination of MIC; in this assay,
Middlebrook 7H9 medium was used. Comparison of ltedaetween virulent and avirulent strain
also showed that values of MIC are comparable aliabte. The advantage of usiMib. Hz/Ra is
also connected with a shorter time of screeningu(te are read after 120 hours compared to 14 or
21 days).

2.2.1 Activity against drug-resistant TB strains

The carbamates with the high&stvitro efficacy against drug-susceptilb. Hs/Rv (i.e.,4a, 4b,

4d, and 4e with MIC of <1 uM, all being the derivatives of 5-chloro-2-hydrokiyf4-
(trifluoromethyl)phenyllbenzamide) were evaluatésbaagainst MDR- and XDR-TB additionally.
They exhibited also an interesting activity agaisst multidrug-resistanMtb. strains and one
XDR-TB strain within the range of 0.51&V, independently of the resistance patterns (Tapl&l-
Phenethylcarbamatd showed only a negligibly lowen vitro efficacy. Importantly, these values
are comparable or identical to those obtainedMtb. Hs;Rv indicating that there is no cross-
resistance with currently used drugs for the treamtnof both drug-susceptible and resistant TB
(INH, RIF, rifabutin, ethambutol, streptomycin, fheguinolones represented by ofloxacin,
clofazimine, and aminoglycosides). Regarding tHasts, the salicylanilide carbamates seem to be
promising wide-spectrum anti-TB and antimycobaeleagents against drug-susceptible, drug-
resistant and NTM mycobacterial strains.

Table 3. MIC of salicylanilide carbamatesfor drug-resistaniitb. strains
7



MIC [pM]
Mib. Mitb. Mitb. Mitb. M. Mtb. Mitb.
7357/1998  9449/2006 8666/2010  234/2005 Praha 1 Praha4  Praha 131
14d 21d 14d 21d 14d 21d 14d 21d 14d 21d 14d 21d 14d 21d

4a 0.5 1 0.5 1 0.5 1 0.5 1 0.5 1 0.5 1 0.5 1

4b 0.5 1 1 1 0.5 1 1 1 0.5 1 0.5 1 1 1
4d 1 2 2 2 2 2 2 1 1 2 2 2
4e 0.5 1 1 1 0.5 1 1 0.5 1 0.5 1 1

MIC values equal or lower thanyM are given in bold.

MDR-TB strains: 7357/1998 resistant to INH, RIFabutin, streptomycin, ethambutol and ofloxacin492006 resistant to INH, RIF, rifabutin and
streptomycin; 234/2005 resistant to INH, RIF, riféih, streptomycin and ethambutol; 8666/2010 rasisto INH, RIF, rifabutin, streptomycin,
ethambutol, ofloxacin and clofazimine; Praha 1stasit to INH, RIF, rifabutin, streptomycin, ethartgitand clofazimine; Praha 4 resistant to INH,
RIF, rifabutin, streptomycin, ethambutol, ofloxacamd clofazimine. XDR-TB strain: Praha 131 resist@n INH, RIF, rifabutin, streptomycin,

ethambutol, ofloxacin, gentamicin and amikacin.

Comparing to previous salicylanilide carbamates,iost active derivativels4 are comparable to
salicylanilideN-n-alkylcarbamates and chloroalkycarbamafesnd significantly superior t,N-
disubstituted carbamaté&s.

2.3 Evaluation of isocitrate lyase inhibition

Since salicylanilide derivatives are multi-targgtiagents, we investigated the carbamates against
one of the targets described earlier. Previous svtwkve reported salicylanilid@$® their esters
with various carboxylic acid$?*%* benzenesulfonic ady N,N-disubstituted (thio)carbamatés
and benzamidé3asin vitro inhibitors of mycobacterial isocitrate lyase (IgLbut to the best of
our knowledge, inhibition activity of phenolid-monosubstituted carbamates has not been reported
to date.

ICL1, one of two enzymes involved in glyoxylate &yca metabolic pathway replenishing
tricarboxylic acid cycle intermediates, and metligdte cycle represents an attractive target for
combating especially persistent intracellular myabrial subpopulation during chronic infection.
However, inhibition of ICL has no significant obgable effect against actively growing
mycobacteri& (here reported in Tablds3). It was presumed that the ICL inhibitors may fesu

the shortening of TB therapy. Especially dual astiagainst both actively growing and non-
replicating mycobacteria should provide an extraefie?>3° Moreover, this enzyme has been
proposed to be linked to endogenous resistancéighar tolerance to anti-TB drugs.

ICL inhibition assay was selected to extend theepiidl application to latent mycobacteria as an
adjunctive target illustrating the multi-targetingture of the carbamatéss. We determined their
activity at a single concentration of 10 uM usinigogylate phenyl hydrazone formation assay
(Table 4). INH and PAS were employed as negative contr8igjtropropionic acid, a known
substrate-analogue inhibifdr served as a positive control. We also intendedetermine 1, for

the most potent inhibitors (i.e., inhibition rat@ngparable to 3-nitropropionic acid: 25%). However,
all of the derivatives produced only a mild inhidit of the enzyme within the range of 5-18% with
2eand3a superiority, even though the differences are ratharginal.

The highest activity was observed for the bromidaaed monofluorinated derivativésand 3,
which are superior to dichlorocarbamates$n contrast to whole-cell antimycobacterial aityivthe
presence of CGFgroup @a-4€) does not offer any significant advantage. Thedahation improved
the inhibition potency substantiallp (vs. 1 and especially2-4 vs. 5). Comparing salicylanilide
moleculesl-5 and 4-chlorophenyl carbamat@sthe (4-halogenophenyl)carbamoyl fragment is not
required for an effective ICL inhibition. Due tosignificant distinctions, it is also unfeasible to
identify the most convenient carbanNesubstituent.

In accordance to some previous reports regardafigytanilide carboxylates, benzenesulfonates
esters and\,N-disubstituted (thio)carbamat@s®?*%* here presented phenolic carbamates were



found as mild ICL1 inhibitors comparable with theyjority of them and, importantly, superior to
parent salicylanilides with free phenolic group.

As expectet?® we did not identify a clear relationship iof vitro MIC against actively growing
mycobacteria (low micromolar or submicromolar vatu&ablesl, 2 and 3) and ICL inhibition
(only partial inhibition at 10 uM; Tabld). Moreover, there should not be a direct correfati
between strong anti-TB properties under our expemial conditions and ICL suppression, since
both tests are focused on different stages of maaehal life cycle. Since ICL is indispensable
only in non-replicating mycobacteria, its inhibitilhas shown partial potential against persistent or
latent mycobacteria during a long-term use in tH& fherapy, but not in short-term assay
determining suppression of actively growing extiat® bacteria used in this study. Using in
combination with other drugs, it may help to in@eausceptibility to them. Thus, the consideration
of ICL as a key target of the carbamate8 is inappropriate and it is in accordance withkhewn
assumptions. Their mechanism of action againswelgtigrowing mycobacteria remains to be
elucidated in depth and it is not related to désctimild ICL inhibition. Analogous phenomenon
was described for methyl 4-(4-methoxyphenyl)-4-axeb-enoate. This ester inhibited ICL1 £C

= 30.9 uM) and showed an activity in model of ingRularly persistent mycobacteria, but it was
also active against various mycobacterial strainsg-phase in culture (Mg 0.25-1 pg/mL). The
explanation of this excellent activity cannot bé&ibtited to moderate ICL inhibition suggesting
likely an additional unknown actual target remainia be confirmed?

Giving together, the here reported ICL inhibitiohtlee salicylanilide carbamates brings probably
only a certain minor benefit concerning nonrepliggtmycobacteria and latent TB. Actual and key
anti-TB target of the carbamat&$ remains to be confirmed.

Table 4. Inhibition of isocitrate lyase

Inhibition rate

2 3

Code R R R [9%] at 10 M
la Cl Cl Cyclohexyl 13+1.56
1b Cl Cl Phenyl 10 + 1.56
1c Cl Cl Benzyl 11+1.58
1d Cl Cl Phenethyl 10+1.21
le Cl Cl Adamantan-1-yl 11+1.58
2a Cl Br Cyclohexyl 16 +3.70
2b Cl Br Phenyl 17 +1.42
2c Cl Br Benzyl 17+2.94
2d Cl Br Phenethyl 17 +1.15
2e Cl Br Adamantan-1-yl 18 +2.61
3a Cl F Cyclohexyl 18 £0.75
3b Cl F Phenyl 16 £4.54
3c Cl F Benzyl 15+2.71
3d Cl F Phenethyl 15+ 2.49
3e Cl F Adamantan-1-yl 14 +3.93
4da Cl CRK Cyclohexyl 14 + 3.66
4b Cl CKH Phenyl 13+2.47
4c Cl Ch Benzyl 14 + 3.00
4d Cl CKH Phenethyl 11+4.72
de Cl Ckr  Adamantan-1-yl 15+1.33
ba H H Cyclohexyl 8+2.77
5b H H Phenyl 5+1.56
5¢ H H Benzyl 8+1.35
5d H H Phenethyl 6+1.99
5e H H Adamantan-1-yl 9+ 1.58
6a - - Cyclohexyl 16 +2.27
6b - - Phenyl 14 +0.83
6c - Benzyl 14 +2.38
6d - - Phenethyl 12 +1.10
6e - - Adamantan-1-yl 13+2.88
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INH

oo

PAS

3-nitropropionic acid 25+4.1

INH: isoniazid; PASp-aminosalicylic acid.

2.4. Cytotoxic and cytostatic properties evaluation

All of the carbamate4-6 underwent determination of their vitro cytotoxic and cytostatic action
on hepatocellular carcinoma cells (HepG2) using MiE§ay. The HepG2 cell line serves asman
vitro model for the hepatotoxicity for early drug screeiver tissue represents the most likely
target for the chronic toxicity of antituberculauds, which often complicates the six months long
therapy of TB* That is why we have chosen this cell line for sty indexes (SI) determination.
The same approach was used for our previously tepaalicylanilide derivativé&?®2324283nd
allows a direct comparison of different series.

In general, the cytotoxicity of salicylanilide-basenolecules has been reported as an unwanted
effect of these potential antimicrobial agefit$he evaluation of cytotoxicity allows calculatitiee
selectivity indexes, which are defined as a rafidGyy and MIC (cytotoxicity on HepG2 cells).
Analogously to the therapeutic index, Sl valuesbighan 10 suggest an acceptable toxicity. There
were solubility problems with several derivativesyenting determination of Kgvalues at higher
concentrations (especiallgb). Hence, the highest non-cytotoxic and concemtnatiwith no
precipitation observed are reported.

The evaluated derivatives can be divided into sdvgroups regarding their toxicities (Talde
First, the carbamates that are neither cytotoxic ayostatic at the concentration of 125 uM or
higher (all 4-chlorophenyl carbamatésand two adamantyl compoun8ge and 5¢). Second, the
largest group is comprised of the derivatives wibhcytotoxicity but with cytostatic propertiesaf

1c, 2a-2d, 3b, 3c, 44, 4c-4e 5c and5d). It means that they do not kill the cell diregthithough
they arrest cell growth, multiplication and protd&on. This cytostatic action together with no
cytotoxicity was reported for salicylanilide 4-stihsged benzoate®. The remaining molecules
exhibited both cytotoxic and cytostatic action epG2 cells, although at variable concentrations
(1d, 1e 2e 3a, 3d, 4b, 5a and5b).

The most cytotoxic compound was the adamantyl devie 2e (ICso = 4.20 uM), on the other
hand, the less toxic carbamates sharegy figher than 250 uM1l@-1c, 5¢). The majority of
halogenated salicylanilide carbamates caused #isagit cytostasis in HepG2 cells (i.e.,s§10
uM; 1b-3b, 3d, 4a-4¢€), three of them with 1§ values of<l uM (lb, 4a, 4d). The presence of
halogenated salicylanilide scaffold is translateastly into enhanced cytostatic properties but not
cytotoxicity. Focusing orN-carbamic substitution, there is no clear strucagtvity relationship.
From an alternative point of view, especially 2-pomophenyl)carbamoyl]-4-chlorophenyl
adamantan-1-ylcarbamaPe may be considered as a potent cytotoxic and @tioshgent with a
concomitant antibacterial, antifung&hnd antimycobacterial properties.

In term of SI, ten derivatives provided a suffidieelectivity forMtb. (1a-1c, 3d-4€), even up to
>125 with4a, 4d and4e superiority. The adamantyl carbamdtwas found as the most selective
one for NTM (Sl >31.3), followed b¥c, 4a and4d (Sl >15.6), whereas dichlorocarbamatesand

1b were selective certainly only favl. avium. Moreover, these most selective derivatives were
comparably selective or even better than INH an®PA

Table 5. Cytotoxic and cytostatic action of phenolic carlades

Code R R? R® C'yfg‘;g‘(i'\g]ty 'fyiggt‘a'\gs Sl for Mtb. SI for NTM
la Cl Cl Cyclohexyl >250 33.60+8.66 >15.6 >7.8 MK), >15.6(Ma)
1b Cl Cl Phenyl >250 0.90+0.00 >15.6 >7.8 MK), >15.6(Ma)
1c Cl Cl Benzyl >250 6.40+1.56 >15.6 >15.6
1d Cl Cl Phenethyl 15.00 5.10+3.39 1.9 >0.9
le Cl Cl Adamantan-1-yl 24.00 8.15+1.06 15 1.5-3
2a Cl Br Cyclohexyl >50 9.40+0.71 >6.3 >3.1
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2b Cl Br Phenyl >50 5.45+0.07 >6.3 >3.1
2c Cl Br Benzyl >50 1.65+0.64 >3.1 >3.1
2d Cl Br Phenethyl >50 2.20%1.27 >6.3 >6.3
2e Cl Br Adamantan-1-yl 4.20+0.99 4.35+0.07 0.5 0.5-1
3a Cl F Cyclohexyl 21.20+4.67 8.60+1.84 2.7-5.3 0.3-1.
3b Cl F Phenyl >20 3.25+1.34 >2.5 0.6-2.5
3c Cl F Benzyl >125 34.15+12.37 >7.8 >2
3d Cl F Phenethyl 41.50+4.95 7.60+0.85 104 1.3-5.2
3e Cl F Adamantan-1-yl >125 >125 31.3 >3.9
4a Cl CR; Cyclohexyl >125 0.75+0.35 >125 >15.6
4b Cl CkK Phenyl 9.80+3.54 2.45+1.77 9.819.6 1.2-9.8
4c Cl CR; Benzyl >125 3.00+0.85 >31.3 >3.9
4d Cl CkK Phenethyl >125 1.00+0.42 >125 >15.6
de Cl CR; Adamantan-1-yl >125 4.85+2.47 >125 >31.3
ba H H Cyclohexyl 49.00+£8.91 51.50 0.4 0.2-0.4
5b H H Phenyl 57.65+£9.40 26.80 0.5 0.2-0.5
5c H H Benzyl >125 54.30 >1 >0.5
5d H H Phenethyl >125 55.60 >1 >0.5
5e H H Adamantan-1-yl >250 233.00+24.04 >2 >0.5
6a - - Cyclohexyl >125 >125 >0.3 >0.1
6b - - Phenyl >125 >125 >0.3 >0.1
6c - - Benzyl >125 >125 >0.5 >0.3
6d - - Phenethyl >125 >250 >0.5 >0.3
6e - - Adamantan-1-yl >125 >250 >1 >0.5
INH - - - >250 ND >250 >31.3(Mk 6509/96)
PAS - - - 2,240 ND 35.8 <2.2970

INH: isoniazid; PASp-aminosalicylic acid. ST = IC50 for cyfotoxicity/MIl ST values higher than 10 are given in b = M. kansasi, Ma = M.

avium.

3. Conclusions

In this work, we completed the series of salicylidriN-cycloalkyl/phenyl/phenylalkyl carbamates
and together with analogous 4-chlorophenyl carbasmahey were screened for their biological
activity. We assessed them against various mycebakstrains itb. including MDR- and XDR-
TB, broad-spectrum of NTM), for their cytotoxicignd cytostatic properties in liver cells model
and also inhibition of isocitrate lyase, one of tmgcobacterial enzymes responsible for the
maintenance of persistent TB infection.

Minimum inhibitory concentrations for both tuberout and nontuberculous mycobacteria were in
the micromolar concentration range and some of tivene even submicromolar including activity
against drug-resistariitb. strains. Importantly, the carbamic acid derivagivdo not share any
cross-resistance to clinically used anti-TB drufiseir mechanism of action is multiple affecting
many cellular targets. Moreover, all the compoumsbited isocitrate lyase mildly and the
majority of the carbamates were not cytotoxic, sa@veerivatives also non-cytostatic. In sum, some
here presented carbamates may represent attraatitienycobacterial molecules for future
investigation, especially with respect to drugstmitMtb. and nontuberculous isoniazid-resistant
species, thus confirming carbamates as an auspistaffold in medicinal chemistry for combating
mycobacteria. Key mycobacterial target of the cardigs remains to be elucidated.

4. Material and Methods

4.1 Chemistry

4.1.1 General methods

All of the reagents and solvents were purchasenh fRigma-Aldrich (Darmstadt, Germany) or
Penta Chemicals (Prague, Czech Republic), andweey used as received. The reactions and the
purity of the products were monitored by the tlapdr-chromatography using a mixture with a ratio
of toluene to ethyl acetate 4:1 (v/v) as the eluPrdtes were coated with 0.2 mm Merck 60 F254
silica gel (Merck Millipore, Darmstadt, Germany)dawere visualised by UV irradiation (254 nm).
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The melting points were determined on a Biichi MgltPoint B-540 apparatus (BUCHI, Flawil,
Switzerland) using open capillaries, and the reggbvalues are uncorrected. Elemental analysis (C,
H, N) was performed on an automatic microanalydedNG-O CE instrument (FISONS EA 1110,
Milano, ltaly). Infrared spectra (ATR) were recodden a FT-IR spectrometer Nicolet 6700
(ThermoFisher Scientific, Waltham, MA, USA) in thenge of 650-4000 cth The NMR spectra
were measured in DMS@s or THFdg at ambient temperature using a Varian V NMR S500
instrument (500 MHz forH and 126 MHz for'*C; Varian Comp. Palo Alto, CA, USA). The
chemical shiftsp, are given in ppm with respect to tetramethyl®laised as an internal standard.
The coupling constantg)(are reported in Hz.

The calculated Idg values (Clo®), which are the logarithms of the partition co&#nts for octan-
1-ol/water, were determined using the CS ChemOflittea program version 18.0 (Cambridge-
Soft, Cambridge, MA, USA).

4.1.2 Synthesis

Salicylanilides were prepareth a previously reported microwave-assisted meffidthe synthesis
of the dihalogenated carbamatést'® and 4-chlorophenyl carbamatés® was also already
published by our group.

The carbamates5 were synthesised according to the fef5-Chloro-2-hydroxyN-[4-
(trifluoromethyl)phenyllbenzamide (1 mmol, 315.7 )nvgas suspended under vigorous stirring in
dry acetonitrile (MeCN; 8 mL), and then triethylamai(1 equivalent, 139.4L) was added in one
portion. The mixture was stirred to allow compladessolution of the salicylanilide. Then,
appropriate isocyanate (1.1 of equivalents) waseadahen divided into two portions, second
portion after 15 minutes, and the mixture was etirat room temperature for additional 2 h
(cyclohexyl, phenyl, benzyl and phenethyl isocyaspbr it was refluxed for 8 h (adamantan-1-yl
isocyanate). After this time, the resulting pretzf® was collected by filtration, washed with a $mal
volume of cold methanol and dried. The productsewecrystallized from ethyl acetate.

4-Chloro-2-{[4-(trifluoromethyl)phenyl]carbamoyl}@nyl cyclohexylcarbamatd )

White solid; yield 94%; mp 215-217 °C. IR (ATR): & (N-H), 2930, 2857, 1710 (C=0O
carbamate), 1659 (amide 1), 1602, 1552, 1529 (art)del479, 1410, 1395, 1318, 1270, 1222,
1178, 1166, 1116, 1106, 1065, 1017, 883, 836, 728, 699, 666 cih 'H NMR (500 MHz,
DMSO0): 6 10.63 (1H, bs, amide NH), 7.95-7.87 (3H, m, cargi@NH, H2", H6"), 7.77-7.66 (3H,
m, H3, H3", H5), 7.58 (1H, dd,= 8.7 Hz,J = 2.7 Hz, H5), 7.25 (1H, d,= 8.7 Hz, H6), 3.24-3.14
(1H, m, CH), 1.74-1.45 (5H, m, cyclohexyl), 1.2®D.(5H, m, cyclohexyl)*C NMR (126 MHz,
DMSO0): 6 165.28, 152.87, 147.49, 142.81, 131.84, 131.29,01/2 128.81, 126.16 (d,= 3.8 Hz),
125.34, 124.04 (q) = 271.7 Hz), 123.86 (g] = 32.8 Hz), 120.53, 119.75, 50.06, 32.42, 24.84,
24.61. Anal. Calcd. for £H20CIF3sN2O3 (440.84): C, 57.21; H, 4.57; N, 6.35. Found: C187H,
4.80; N, 6.27.

4-Chloro-2-{[4-(trifluoromethyl)phenyl]carbamoyl}@nyl phenylcarbamatélf)

White solid; yield 70%; mp 202.5-205 °C. IR (ATR3313 (N-H), 3281 (N-H), 1722 (C=0
carbamate), 1663 (amide 1), 1602, 1536 (amidel®y1, 1478, 1446, 1405, 1330, 1264, 1224,
1207, 1184, 1160, 1116, 1102, 1066, 1015, 840, B33, 745, 708, 691, 664 cm'H NMR (500
MHz, DMSO):8 10.82 (1H, bs, amide NH), 10.28 (1H, bs, carbarhéig 7.89 (2H, d,J = 8.5 Hz,
H2", H6"), 7.80 (1H, dJ = 2.6 Hz, H3), 7.72-7.63 (3H, m, H5, H3", H5")47-7.39 (3H, m, H6,
H2", H6™"), 7.27 (2H, tJ = 7.9 Hz, H3"", H5""), 7.01 (1H, § = 7.3 Hz, H4"").**C NMR (126
MHz, DMSO): 6 165.28, 163.61, 151.16, 146.99, 139.91, 133.24,483 129.74, 129.02, 128.84,
128.77, 126.20 (q] = 3.7 Hz), 124.02 (d] = 32.0 Hz), 124.10 (g] = 271.4 Hz), 121.99, 120.60,
118.37. Anal. Calcd. for £H14CIF3N2O5 (434.80): C, 58.01; H, 3.25; N, 6.44. Found: C128H,
3.14; N, 6.39.

4-Chloro-2-{[4-(trifluoromethyl)phenyl]carbamoyl}@nyl benzylcarbamatd¢)
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White solid; yield 72%; mp 188.5-190 °C. IR (ATR3321 (N-H), 3032, 2926, 2874, 1713 (C=0
carbamate), 1665 (amide 1), 1626, 1610, 1573, 18825 (amide 1), 1474, 1454, 1338, 1327,
1257, 1219, 1115, 1070, 1020, 837, 752, 730, 689,08i'. *H NMR (500 MHz, DMSO)3$ 10.74
(1H, bs, amide NH), 8.37 (1H, d,= 6.2 Hz, carbamate NH), 7.92 (2H,X5= 8.5 Hz, H2", HE"),
7.76-7.69 (3H, m, H3, H3", H5"), 7.61 (1H, dds 8.7 Hz,J = 2.7 Hz, H5), 7.31 (1H, d,= 8.7 Hz,
H6), 7.25-7.15 (5H, m, H2"", H3"", H4"", H5"", H{'4.21 (2H, dJ = 6.2 Hz, N-CH). **C NMR
(126 MHz, DMSO):6 163.67, 154.15, 147.37, 142.77, 139.14, 131.91,2B3 129.34, 128.59,
128.28, 126.95, 126.88, 126.14 gz 3.9 Hz), 125.49, 124.56 (4,= 271.2 Hz), 123.89 (gl =
32.0 Hz), 119.86, 44.04. Anal. Calcd. fop,B16CIF3N,O3 (448.82): C, 58.87; H, 3.59; N, 6.24.
Found: C, 58.95; H, 3.47; N, 6.30.

4-Chloro-2-{[4-(trifluoromethyl)phenyl]carbamoyl}@nyl phenethylcarbamatéd)

White solid; yield 90%; mp 160.5-162 °C. IR (ATR336 (N-H), 3280 (N-H), 2929, 1717 (C=0
carbamate), 1662 (amide 1), 1603, 1573, 1537, 1@2dide 1), 1513, 1476, 1409, 1327, 1265,
1215, 1165, 1123, 1067, 1021, 926, 836, 748, 738, 862 crit. '"H NMR (500 MHz, DMS0)3$
10.70 (1H, bs, amide NH), 7.96-7.90 (3H, m, NH eanlate, H2", H6"), 7.73-7.68 (3H, m, H3, H3’,
H5%), 7.59 (1H, ddJ = 8.7 Hz,J = 2.7 Hz, H5), 7.27-7.10 (6H, m, H6, H2"", H3"4H H5",
H6™"), 3.20 (2H, dtJ = 7.9 Hz,J = 6.2 Hz, N-CH), 2.66 (2H, tJ = 7.4 Hz, CH-Ph).*C NMR
(126 MHz, DMSO):6 163.65, 153.66, 147.30, 142.77, 139.26, 131.8Q,183 129.17, 128.77,
128.51, 128.40, 126.21, 126.15 (g= 3.6 Hz), 125.42, 124.53 (4,= 271.2 Hz), 123.91 (q] =
32.0 Hz), 119.83, 42.23, 35.23. Anal. Calcd. fegHzsCIF3N,O3 (462.85): C, 59.68; H, 3.92; N,
5.68. Found: C, 59.90; H, 3.87; N, 5.77.

4-Chloro-2-{[4-(trifluoromethyl)phenyl]carbamoyl}@nyl adamantan-1-ylcarbamate)l

White solid; yield 71%; mp 242-244.5 °C (decompR. (ATR): 3303 (N-H), 2911, 2853, 1717
(C=0 carbamate), 1668 (amide 1), 1603, 1540, 1%#@ide 1), 1508, 1475, 1457, 1381, 1356,
1343, 1319, 1214, 1188, 1163, 1107, 1065, 1017, 828 837, 750, 702, 665 ¢mH NMR (500
MHz, THF): 6 10.40 (1H, bs, NH), 7.99 (1H, d= 2.7 Hz, H3), 7.94 (2H, d,= 8.5 Hz, H2", HE"),
7.69-7.65 (3H, m, NH carbamate, H2", H6"), 7.40,(d#,J = 8.7 Hz,J = 2.6 Hz, H5), 6.95 (1H, d,
J = 8.9 Hz, H6), 1.91-1.89 (3H, m, CH), 1.74 (6H,GCH,), 1.70-1.63 (6H, m, CH-CH. *°C
NMR (126 MHz, DMSO):6 165.26, 152.56, 147.05, 142.64, 131.81, 131.19,012 128.83,
126.23 (qJ = 3.8 Hz), 125.37, 124.48 (G4,= 271.4 Hz), 123.92 (¢} = 32.4 Hz), 120.49, 119.64,
50.43, 41.00, 36.05, 28.92. Anal. Calcd. fesHz4CIF3N,O5 (492.92): C, 60.92; H, 4.91; N, 5.68.
Found: C, 61.01; H, 4.98; N, 5.33.

4.2 Biological activity

4.2.1 Antimycobacterial activity evaluation

4.2.1.1 Activity againsMl. tuberculosis Hz;Rv, M. avium andM. kansasii

The in vitro antimycobacterial activity of the carbamafie6 againstMycobacterium tuberculosis
331/88 (H7/Rv) and three strains of nontuberculous mycobact@®fiycobacterium avium 330/88
[resistant to isoniazid, rifamycines, ofloxacin,daathambutol],Mycobacterium kansasii 235/80
from the Czech National Collection of Type Cultyrasd a clinical isolate d¥l. kansasii 6509/96)
was evaluated using a previously reported mefficdkhe micromethod for the determination of
MIC was used involving the Sula’s semisynthetic med(SEVAC, Prague, Czech Republic). The
investigated compounds were added to the mediumsolgions in DMSO; the final volume
contained 1.0 % DMSO (v/v). The following concetitras were used: 1000, 500, 250, 125, 62.5,
32, 16, 8, 4, 2, 1 and 0{8V. The MIC were determined after incubation at & fér 14 and 21
days, forM. kansasii additionally for 7 days. MIC (imwM) was the lowest concentration at which
the complete inhibition of mycobacterial growth oged. Two oral antitubercular drugs, isoniazid
(INH) andp-aminosalicylic acid (PAS), were involved as refere drugs.

The most active carbamatds(4a, 4b, 4d, 4€) were evaluated against seven drug-resistant TB
strains (dilution of the strains was J0with different resistance patterns. All of theagts are
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resistant to INH, RIF, rifabutin, and streptomycamd resistance to other drugs was observed in
some cases: strain 7357/1998 was resistant adaliffjoto ethambutol and ofloxacin, strain
234/2005 to ethambutol, strain 8666/2010 resigtaethambutol, ofloxacin and clofazimine, strain
Praha 1 exhibited an additional resistance to dbldoh and clofazimine; Praha 4 to ethambutol,
ofloxacin and clofazimine (all MDR-TB strains); aRdaha 131 was resistant to INH, rifamycines,
streptomycin, ethambutol, ofloxacin, gentamicin anakacin (i.e., XDR-TB strain). The following
concentrations were used for drug-resistant str&é@s16, 8, 4, 2, 1, 0.5, 0.25, 0.125, 0.064, and
0.032uM.

4.2.1.2 Activity againsMl. tuberculosis Hz;Ra,M. aurum andM. smegmatis

Antimycobacterial assay was performed with fastgng Mycobacterium smegmatis DSM 43465
(ATCC 607), Mycobacterium aurum DSM 43999 (ATCC 23366) from German Collection of
Microorganisms and Cell Cultures (Braunschweig, naary) and with avirulent strain of
Mycobacterium tuberculosis Hz/Ra ITM-M006710 (ATCC 9431) from Belgian Co-ordingte
Collections of Micro-organisms. The technique ugadactivity determination was microdilution
broth panel method using 96-well microtitrationtpka Culturing medium was Middlebrook 7H9
broth (Sigma-Aldrich, Steinheim, Germany) enricheth 0.4% of glycerol (Sigma-Aldrich,
Steinheim, Germany) and 10% of Middlebrook OADC vgifo supplement (Himedia, Mumbai,
India).

Mycobacterial strains were cultured on Middlebrat#9 agar and suspensions were prepared in
Middlebrook 7H9 broth. Final density was adjustedralue 1.0 according to McFarland scale and
diluted in ratio 1:20 (for fast growing mycobac#gror 1:10 (foM. tuberculosis) with broth.

Tested compounds were dissolved in DMSO (Sigmai#iidiSteinheim, Germany) then MB broth
was added to obtain concentration 2000 pug/mL. Stalsdused for activity determination were
isoniazid (INH), rifampicin (RIF) and ethambutolNIB) (Sigma-Aldrich, Steinheim, Germany).
Final concentrations were reached by binary dituaad addition of mycobacterial suspension and
were set at 500, 250, 125, 62.5, 31.25, 15.623, &l 3.91 pg/mL or 50, 25, 12.5, 6.25, 3.13,
1.56, 0.78 and 0.39 pg/mL according to final Mi€oriazid was diluted in range 500-3.91 pug/mL
for screening against fast growing mycobacteriaiarrdnge 1-0.0078 pg/mL for screening against
M. tuberculosis. Rifampicin final concentrations ranged from 50089 pg/mL for fast growing
mycobacteria and from 1 to 0.0039 pg/mL Kértuberculosis. Ethambutol was used for screening
antimycobacterial activity with the final concenioms 2, 1, 0.5, 0.25, 0.125, 0.0625, 0.0313,
0.0156 pg/mL. The final concentration of DMSO dat exceeded 2.5% (v/v) and did not affect the
growth of M. smegmatis, M. aurum nor M. tuberculosis. Positive (broth, DMSO, bacteria) and
negative (broth, DMSO) controls were included.

Plates were sealed with polyester adhesive filmiandbated in dark at 37 °C without agitation.
The addition of 0.01% solution of resazurin sodisatt followed after 48 hours of incubation for
M. smegmatis, 72 hours of incubation foM. aurum and after 120 hours of incubation fbt.
tuberculosis, respectively. Stain was prepared by dissolvirsgizarin sodium salt (Sigma-Aldrich,
Steinheim, Germany) in deionised water to get 0.G2tion. Then 10% aqueous solution of
Tween 80 (Sigma-Aldrich, Steinheim, Germany) wappred. Both liquids were mixed up making
use of the same volumes and filtered through sgrimgmbrane filter. Microtitration panels were
then incubated for further 2.5 hours for determorabf activity againsM. smegmatis, 4 hours for
M. aurum and 24 hours fokl. tuberculosis, respectively.

Antimycobacterial activity was expressed as minimalbition concentration (MIC) and the value
was read on the basis of stain colour change (bdl@ur — active compound; pink colour — not
active compound). MIC values for standards wer&@2%ug/mL for INH, 12.5-25 pg/mL for RIF
and 0.5 pg/mL for EMB again$f. smegmatis, and 3.91 pg/mL for INH, 0.39 pg/mL for RIF and
0.25 pg/mL for EMB againg¥l. aurum, and 0.125-0.25 pg/mL for INH, 0.0039-0.0078 pg/foi
RIF and 0.5 pg/mL for EMB againBt. tuberculosis, respectively. All experiments were conducted
in duplicate.
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4.2.2 Isocitrate lyase inhibition determination

The isocitrate lyase (ICL1) inhibition activity wasssayed according to Dixon and Kornberg
procedure (glyoxylate phenyl hydrazone formatiosing a single concentration of the carbamates
1-6 of 10 pM?® Results are expressed as inhibition rates [%)]thadata represent an average of
triplicate experiments * standard deviation (SDgoniazid andp-aminosalicylic acid were
employed as negative controls (inhibition of 0%Miles 3-nitropropionic acid served as a positive
control.

4.2.3 Cytostatic and cytotoxic activity determioati

HepG2, human hepatocellular carcinoma cells (ATCB-8965) were cultured in RPMI-1640
medium containing 10% fetal calf serum (FCS), 2 mMlutamine, 160 pg/mL gentamicin at
37 °C, 5% CQ in water-saturated atmosphere and grown to comfieieand were plated into 96-
well plate with initial cell number of 5.0-10.0 *0%per well. After 24 h incubation at 37 °C, cells
were treated with the compounds in 1Q0final volume containing 2.0 % DMSO (v/v). Cellsere
incubated with the compounds at 0.0032-250 uM aatnggon range for overnight. Control cells
were treated with serum free medium (RPMI-1640) anl with DMSO (¢ = 1.0 v/v %) at 37 °C
for overnight. After incubation, the cells were Wwad twice with serum free medium (RPMI-1640).
To determine than vitro cytostatic effect, cells were cultured for a furthi® h in medium
containing serum. To measure fimevitro cytotoxicity of the compounds, MTT-assay was cakrie
out immediately after the washing step following tivernight treatment.

The cell viability was determined by 3-(4,5-dimdthyazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay. The solution of MTT (4., 2 mg/mL) was added to each well, which was reduc
to insoluble violet formazan dye crystals withire tving cells. After 3.5 h of incubation at 37 °C
the cells were centrifuged for 5 min (2000 rpm) aupernatant was removed. The obtained
formazan crystals were dissolved in 130of DMSO and the optical density (OD) of the saepl
was measured at = 540 and 620 nm, respectively, employing ELISAa&er instrument (IEMS
Reader, Labsystems, Finland). fvalues were subtracted from @pvalues and the percent of
cytostasis or cytotoxicity was calculated usingatgun “Cytostatic effect/Cytotoxicity (%) = [1 -
(ODxtreatedODcontro)] * 100” (where OReateqand ORontro COrrespond to the optical densities of the
treated and the control cells, respectively). Fache compound, at least two independent
experiments were carried out with four parallel mgaments.

The 50% inhibitory concentration (4§} values were determined from the dose-responseesur
The curves were defined using MicrocalTM Originler@ion 7.6) software: cytostasis (%) or
cytotoxicity (%) was plotted as a function of contration, fitted to a sigmoidal curve and, based
on this curve, the half maximal inhibitory concexiton (1G) value was determined representing
the concentration of a compound required for 50Btbition in vitro.
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Highlights

*SalicylanilideN-monosubstituted carbamates are highly active agaigcobacteria.
*MIC against multidrug-resistant mycobacteria aoef<0.5puM.

*Salicylanilide carbamates are mild inhibitors ofaobacterial isocitrate lyase.

*The majority of carbamates are non-cytotoxic aglddive for mycobacteria.



